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Abstract
Geotextile tubes are used in dewatering applications over many decades for a variety of slurries,
sediments, and wastes. With the increased use of geotextile tubes dewatering in recent years, the
desire to maximize both the dewatering rate and retention lead to the use of chemical accelerant,
which has become a standard practice in geotextile dewatering projects. A variety of small-scale,
medium-scale, and pilot-scale test methods are used to assess geotextile tube dewatering
performance, including Falling Head Test (FHT), Pressure Filtration Test (PFT), hanging bag
test (HBT), Geotextile-tube Demonstration Test (GDT), and Pressure Gravity Dewatering Test
(PGDT). However, a very few studies compare different types of dewatering tests and no proper
correlations have been developed between test methods.
The scope of this study is to (1) analyze dewatering process on radial and axial directions using a
two-dimensional dewatering apparatus, which is basically a cylindrical geotextile tube, where the
axial and radial flows are measured separately (2) analytical modelling of 1-D, 2-D, and 3-D
dewatering process, and to (3) compare the results of analytical model and the experimental
results of 1-D, 2-D, and 3-D dewatering test methods. In the process of comparing different test
methods, the effect of multiple filling, final solids concentration, and turbidity of the effluent
were considered. Three different tests (PFT, P2DT, and GDT), two different sediments under
different solids concentrations and five different geotextiles, including woven, non-woven and
geo-composites were used in this study. Relationship between radial filter cake height and flow
ratio was (ratio between radial and axial flows of P2DT) observed. The dewatering parameters
obtained using analytical modelling were compared between test methods.

The analytical model proposed in this study can be used to predict the dewatering behavior under
alternative conditions, including the changes in pumping rates, solids concentration of the slurry
being pumped, geotextile tube sizes, number of dewatering cycles, dewatering duration, filling
heights, final solids concentration of filter cake, and in cumulative volume of slurry. Analyzing
the alternative dewatering scenarios using an analytical model prior to full-scale implementation,
without conducting further dewatering performance tests, is a great benefit in terms of material
time and money. This study lays out the framework to predict the dewatering behavior of fullscale tests using an analytical model generated from a lab tests, such as Pressurized 2Dimensional Dewatering Test (P2DT).
The limitations of this analytical model are that the analytical model does not account for the
changes in the slurry properties other than the solids concentration and the changes in the overall
pressure inside the geotextile tube. Alternative dewatering scenarios including changes in slurry
and in pressure requires a performance test to be conducted to determine the dewatering
parameters.
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Chapter 1: Introduction
Geotextile tubes are in use over many decades in dewatering applications to dewater a variety of
slurries including, sediments, and wastes. Geotextile tubes were first used in the 90’s to dewater
municipal sewage sludge (Fowler et al., 1996), and has grown exponentially in recent years with
the introduction of chemical accelerants. Because of the wide range of use in civil and
environmental engineering applications, geotextile tube dewatering technology has gained
significant popularity in the recent past decades. The geotextile tube dewatering is mainly used
in hydraulic, marine, and environmental remediation applications (Lawson 2008). Furthermore,
several major industries have adopted the geotextile tube dewatering technology for municipal
wastewater treatment (e.g., Fowler et al., 2005), pulp and paper (e.g., Lundin et al., 2006),
agriculture (e.g., Mukhtar et al., 2009), mining (e.g., Watts and Trainer, 2009), and dredging
(e.g., Satyamurthy and Bhatia 2008, Yee et al. 2012). The geotextile tubes are significantly more
economical than confined disposal facilities and mechanical systems and are also simple to
transport and use (e.g., Lawson, 2008). Geotextile tubes are often referred by its circumference
or by theoretical diameter, which is obtained by dividing the circumference of the tube by pi.
Dewatering performance tests are crucial before the full-scale implementation. Researchers
developed several performance tests, including Pressure Filtration Test (PFT), which was
introduced based on Falling Head Test (FHT), similarly Pressure Gravity Dewatering Test
(PGDT) is a modified version of Geotextile-tube Demonstration Test (GDT). A pressure head is
introduced in these tests to be representative of field conditions. In 2016, Driscoll et al.
introduced Pressurized 2-Dimensional Dewatering Test (P2DT) to more accurately simulate the
real-life dewatering application of geotextile tubes.
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One of the major differences between field application and PFT is that this test demonstrates one
dimensional flow which does not represent the three-dimensional dewatering process in the field.
In addition, leakage of compressed air through the cracks of filter cakes, dewatering during
filling cannot be simulated as it will vary depending on the way the slurry is poured. The twodimensional dewatering apparatus (P2DT) has overcome many of the drawbacks of PFT and be
more representative of in-situ conditions.

1.1 Geotextile tube Dewatering
A typical geotextile tube dewatering process consists of several filling and drawdown phases,
followed by a consolidation phase, and finally an optional drying phase (Figure 1.1). The filling
phases involve pumping of slurry into geotextile tubes, and the drawdown phases involve the
drainage of free water out through the pores of the geotextile tube, resulting in a volume
reduction. For each filling, the amount of slurry pumped into the geotextile tube is determined by
the dewatering rate during filling phases, by its dimensions, and by the tensile strength of the
geotextile involved (usually the seams as it is weaker) (Lawson 2008).

Figure 1.1: Phases of Geotextile-tube Dewatering Process
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Figure 1.2 shows how the shape of the geotextile tube changes during multiple filling and
drawdown phases. At the end of each drawdown phases, the free water will be completely
drained and filter cakes will be formed as shown in the following figure.

Figure 1.2: Shape of Geotextile Tube Over Three Filling and Drawdown Phases

Finally, the dissipation of pore water of the filter cakes take place during the consolidation phase,
which is a time dependent process. The dewatering rate during filling phases and during
drawdown phases are significantly different (Yee et al. 2012). Figure 1.3 shows the typical
geotextile tube dewatering parameters. Table 1.1 shows some approximate empirical
relationships between fundamental geotextile tube parameters, shown in Figure 1.3 and the
theoretical diameter (DT) for a filled geotextile tube.

Figure 1.3: Geotextile Tube Parameters for a Filled Geotextile Tube
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Table 1.1: Approximate Relationships between Geotextile Tube Parameters (Lawson, 2008)
Engineering parameters

In terms of theoretical Diameter, DT

Maximum filled height, HT

0.55 DT

Filled width, WT

1.5 DT

Base contact width, bT

DT

Cross-sectional area, AT

0.6 DT2

Average vertical stress at base, σv

0.7γDT

1.2 Geotextile Performance Tests
Field and laboratory testing is a crucial element for assessing dewatering performance of
geotextile tubes prior to full-scale implementation. Geotextile tube dewatering performance can
be assessed based on the following criteria (e.g., Bhatia et al. 1996, Yee and Lawson 2012).


Volume reduction: The target slurry volume reduction, and thereby gain in solids
concentration should be achieved, for a given volume of slurry.



Retention: The initial loss of solids through the geotextile tube must stop within a short
period of time after dewatering begins.



Effluent quality: If the effluent is not to be treated before the release to the environment,
the quality of the effluent must meet the environmental regulation standards.



Anti-clogging: The geotextile tube should not clog compromising the dewatering rate,
and the target volume reduction should be achieved within the defined project
requirements.
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Practitioners and researchers have developed many performance tests ranging from onedimensional Falling Head Test (FHT), and Pressure Filtration Test (PFT) to three-dimensional
Hanging Bag Test (HBT), Geotextile-tube Demonstration Test (GDT), and Pressure Gravity
Dewatering Test (PGDT). Medium-scale tests, such as the hanging bag test (HBT) and geotextile
tube demonstration test (GDT), can be performed in the field as well as in the lab. These medium
scale tests generally yield information on final solids concentration, dewatering rate,
effectiveness of chemical accelerant treatment, and the quality of the effluent (Gaffney 2001).
However, these tests generally require a minimum slurry volume of 40 liters, time consuming
and require more geotextile (e.g., Koerner and Koerner, 2006; de Castro et al., 2009; Grzelak et
al. 2011). Small-scale tests include the falling-head test (FHT), pressure filtration test (PFT), and
2-Dimentional dewatering test (Driscoll et al. 2016). Medium-scale tests include the hanging bag
test (HBT) and geotextile tube demonstration test (GDT). In addition, field based tests like rapid
dewatering test (RDT) is also used to evaluate the dewatering performance of geotextile tubes.
Researchers have related the dewatering performance of geotextile to the index properties of
geotextile and slurry particle size distribution (Kutay and Aydilek 2004, Muthukumaran and
Ilamparuthi 2006, Liao 2007). To evaluate geotextile tube performances, in terms of the solids
concentration of the retained material, effluent quality, and dewatering time, several other
researchers have also developed empirical relationships based on laboratory testing (Moo-Young
et al. 2002, Koerner and Koerner 2006, Satyamurthy and Bhatia 2008, Grzelak et al. 2011).
These characterizations have led to the development of empirical relationship between the index
properties of geotextile tube and dewatering performance. However, such empirical relationships
tend to be specific to the test setup and slurry properties (e.g. Huang and Luo 2007; Cantre and
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Saathoff 2011; Huang et al. 2012; Moo-Young et al. 2002; Koerner and Koerner 2006;
Satyamurthy and Bhatia 2008).

1.3 Chemical Dewatering Accelerants
With the increased use of geotextile tubes dewatering in recent years, the desire to maximize
both the dewatering rate and retention lead to the use of chemical accelerant, which has become
a standard practice in geotextile dewatering projects. Specifically, synthetic chemical accelerants
or conditioners have been used to increase the retention of suspended matter and the dewatering
rate (Satyamurthy and Bhatia 2009, Koerner and Koerner 2010, Maurer 2011, Yee et al. 2012,
Khachan et al. 2013). Synthetic cationic, anionic or nonionic polyacrylamide-derived polymers
are typically used as a conditioner in geotextile tube applications, with cationic flocculants being
the most common as the charge of soil or slurry is negative (Bolto et al. 2001). These polymers
bind the fine particles together to form flocs by bridging and/or through charge neutralization
(Maurer 2011).

1.4 Modelling of Geotextile Tube Dewatering Process
Any geotextile dewatering process can be easily divided into three phases; filling phase,
drawdown phase and consolidation phase as shown in Figure 1.1. The filling phase can be
defined as the phase where the slurry is pumped into the geotextile tube. During the filling phase,
slurry is pumped into the geotextile tube and water will come out of the tube from all the sides
during filling it. The drawdown phase is where the free water inside the tube continue to outflow
due to gravity, internal pressure, due to external pressure, or the combination of them. The
drawdown will start at the end of filling phase where the incoming slurry is stopped as a
maximum allowable height or volume of tube is reached, and will continue till the beginning of
the next filling phase. Consolidation phase starts after the completion of multiple filling and
6

drawdown phases. The contained mass of slurry inside the tube consolidates under its own
weight during this consolidation phase.
The rate of dewatering during filling phases are mostly depending on the properties of slurry,
type of geotextile, the pumping rate of the incoming slurry, and chemical accelerants (such as
polymers used to coagulate and flocculate the slurry). The solids concentration and the pumping
rate of the incoming slurry can be easily measured, whereas, other parameters such as soil and
geotextile properties, which affect the rate of dewatering, are difficult to be measured and often
are not measured.
The factors that influences the filling phases are not the same factors that defines the drawdown
phases. Especially, the pumping rate of slurry and the pressure generated by it is zero during
drawdown phase. In addition, the slurry inside the geotextile tube will be less turbulent compared
to the filling phase.
1.4.1

Modelling of Filling Phases

A fundamental relationship for the dewatering process during the filling phase was proposed by
Yee and Lawson (2012). The model effectively describes the rate of dewatering during filling
phase, by considering the parameters such as soil and geotextile properties as constant, which do
not change during a specific dewatering application, as follows;

Ap

Qout.f

Equation

(1.1)

Qin n in

Where, AP is a floc quality factor, Qout.f is the rate of dewatering during the filling phase, Qin is
the pumping rate of the incoming slurry, and nin is the porosity of the slurry that is entering the
geotextile tube. According to Yee and Lawson (2012), the floc quality factor (Ap) is an empirical
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constant that represents the factors that influence the dewatering rate such as soil and geotextile
properties, and is independent of pumping rate and solids concentration of the incoming slurry as
nin accounts for solids concentration. This factor AP represents the effectiveness of the dewatering
process. An AP value above 0.5 means an effective chemical treatment, or the slurry has a high
percentage of settling solids, whereas a value below 0.5 represents a poor chemical treatment,
and there is a high percentage of dispersing solids (Yee and Lawson, 2012). In order to find the
floc quality factor Ap, the other parameters (Qout.f, Qin, nin) in Equation 1.1 must be calculated or
(

measured from experiments.
The average dewatering rate during the filling phase, Qout.f, can be calculated using the following
simple mass balance equation;

Qout.f

Qin t  VT

Equation

(1.2)

t

Where, Qin is the pumping rate, VT is the maximum contained volume or in other words, the
contained volume at the end of a filling phase, and t is the duration of the filling phase. For the
calculation of Qout.f during the subsequent filling phases, Equation 1.2 should be modified as
(

follows;

Qout.f(m)





Qin tfm  VT.max(m) VT0(m)

Equation

(1.3)

tfm

Where, tfm is the filling duration of mth filling, VT0(m), and VT.max(m) are contained volumes at the
beginning and end of the mth filling phase respectively.
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The porosity of the slurry in suspension zone inside the geotextile tube is same as that of the
incoming slurry. The porosity, nin, of the incoming slurry can be determined from the solids
concentration (by weight), a widely-used parameter in the dewatering applications.

nin

G ( 1  S)
Equation

G ( 1  S)  S

(1.4)

Where, G is the specific gravity of the slurry or the soil used in making the slurry, and S is the
solids concentration of the slurry.
The volume and the height of a geotextile tube need to be related through an equation as in the
field often only the height of the tube is periodically measured. Yee et al. (2012) developed one
such empirical relationship to find the volume of a large-scale tube in terms of its height that
complies with the findings of Leshchinsky et al. (1996) and Palmerton (2002).

VT

8.6
 h 0.815
 hT  
 T 
LT DT  

 
 D 
 T 
 DT  
2

Equation

(1.5)

Where, VT is the contained volume, LT is the length of geotextile tube, hT is the height, and DT is
the theoretical diameter of the geotextile tube. The equation found to be more accurate when the
ratio between fill height and theoretical diameter is less than or equal to 0.7 (hT/DT ≤ 0.7).
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1.4.2

Modelling of Drawdown Phases

The drawdown phase starts at as soon as the inflow to the tube is stopped and the flow conditions
will start changing from turbulent to laminar. By assuming the transition of flow conditions as an
instant change, the drawdown phase can be modelled under laminar conditions. Free water
generated because of the solids settling inside the geotextile tube will drain out through the
geotextile, and most particles settle to form a filter cake.
There will be reduction in the volume of slurry over time as the free water drains out of the tube
leaving the solids behind, which will cause a reduction in the porosity of the slurry inside the
tube. The porosity of the slurry inside the tube over any time interval t-1 to t can be determined
from the volume change inside the tube over the same time interval as follows;

nt

1

1  nt-1 VT(t-1)

Equation

(1.6)

VT(t)

Where, VT, and n are the volume and porosity of the slurry at the end and beginning of the time
interval t-1 and t respectively.
Researchers have used the Richardson-Zaki equation (Richardson and Zaki, 1954) to describe
the settling rate of suspended solids in water in hydraulic and coastal engineering (e.g. Patankar
et al. 2002; Miedema and Ramsdell 2011). A similar form of equation was used by Yee and
Lawson (2012) to model the settling slurry particles inside a geotextile tube, as follows;

h T
t

q

n x
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Equation

(1.7)

Where, hT is the change in height of the geotextile tube over time interval t, nx is the mean
porosity of the slurry inside the tube during the same time interval t, and q is the empirical
power factor for drawdown phase.
1.4.3

Assembling the Components of Dewatering Curve

1.4.3.1 Initial Filling Phase
The filling phase factor, Ap, and drawdown phase factor, q are the only parameters needed to
generate analytical dewatering curves. If these two dewatering parameters are known,
dewatering curves can be simulated, for a specific slurry and geotextile combination.
The duration of the first filling phase tf1 can be determined using the following equation;

tf(1)

VT.max(1)

Equation

(1.8)

Qin(1)  Qout.f(1)

Where, VT.max(1) is the volume of slurry inside the tube at height hT.max(1) (often 55% of the
theoretical diameter of the geotextile tube (Lawson, 2008)), Qin(1) is the pumping rate, and
Q.out.f(1) is the dewatering rate during the initial filling phase that can be determined by
rearranging Equation 1.1 as the floc quality factor AP and the porosity of the incoming slurry is
(

known.
The filling phase can be plotted as a straight line, in a contained volume curve, having the initial
point as (0, 0) and the final point as [tf1, VT.max(1)] as shown in Figure 1.4. The porosity of the
slurry at the end of the initial filling phase [nfe(1)] is calculated respect to the following formula;

n fe(1)

1

1  nin Qin(1) tf(1)
VT.max(1)
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Equation

(1.9)

1.4.3.2 Initial Drawdown Phase
As the dewatering behavior during drawdown is described through Equation 1.7, a numerical
(

time-stepping procedure was developed, where the drawdown time td1 is divided into small time
increments t, to find the subsequent heights of the tube hT as shown in Figure 1.4. Equation 1.7
(

)

is modified to the following approximate form to find subsequent hT values;

h T(i)



q

h T(i-1)  n (i-1)  t

Equation

(1.10)

Where, instead of the mean porosity nx, previous stepped value of contained porosity n(i-1) is
used. To avoid the small calculation error due to this approximation, the drawdown time must be
divided into very small time increments. Having a very small time increment will result in a very
accurate curve, and thus in a very accurate final solids concentration. hT(i+1), can be determined
by finding the next porosity value [n(i)] using Equation 1.6.
(

Figure 1.4: Numerical Time-Stepping Procedure for the Modelling of Drawdown Phase
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1.4.3.3 Subsequent Filling and Drawdown Phases
Yee and Lawson (2012) found out that the value of the floc quality factor AP from the subsequent
fillings are almost equal to that of the first filling. Therefore, the same modelling procedure can
be used for the subsequent filling phases, and the dewatering rates can be estimated using
Equation 1.1. As per Equation 1.1, if the pumping rate of incoming slurry is constant, the
(

(

dewatering rate during subsequent filling phases will also be a constant.
The porosity of the slurry at the end of the mth filling phase can be determined using the
following equation;

n fe(m)

1

1  nin Qin(m) tfm  1  nf0(m) VT0(m)

Equation

(1.11)

VT.max(m)

Where, nfe(m) and VT.max(m) are the porosity and the contained volume respectively at the end of
the mth filling phase, nf0(m) and VT0(m) are the porosity and the contained volume respectively at
the beginning of the mth filling phase, and nin, Qin(m), and tfm are the porosity, pumping rate and
duration of filling of the mth filling phase respectively. The parameters used in the above
equation are shown in Figure 1.5.
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Figure 1.5: Modelling Subsequent Filling and Drawdown Phases
According to Yee and Lawson (2012), the empirical power factor q is not influenced by the
number of drawdown phases. Therefore, the same numerical time-stepping procedure is
employed to each subsequent drawdown phases as following the same set of equations used in
the initial drawdown phase.
The following equation, derived with respect to the conservation of mass, can be used to find the
total dewatered volume of slurry from a geotextile tube (volume of effluent) from multiple filling
and drawdown phases.

m

VTe(t)

 Qin(i) tf(i)  Vout(t)

i1
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Equation

(1.12)

Where, Vout is the effluent volume of water drained out of the tube at time t, VTe is the volume of
contained slurry at any time t, Qin is the flow rate of incoming slurry, tf is the time taken to
complete a filling, and m is the number of fillings taken place.
The contained volume rates generated using the above analytical model can be converted to
dewatering curves by rearranging and using Equation 1.12. The final solids concentration (S) of
(

the filter cake can then be found by substituting in the final porosity at the end of all the filling
and drawdown phases from the analytical model into the following equation, which is a
rearranged form of Equation 1.4;
(

S

G ( n  1)

Equation

(1.13)

G ( 1  n)  n

This analytical model requires at least one dewatering test with single filling and dewatering
phases to be performed in order to determine the dewatering parameters. A new set of
dewatering parameters needed when the factors influencing the dewatering performance change,
including sediment properties and geotextile properties. The dewatering parameters can be used
in the modelling of multiple fillings, different pumping rates of slurry, different solids
concentration etc. to develop dewatering rates, to estimate maximum contained volume, and to
estimate final solid concentration.
Yee and Lawson (2012) used this model and successfully predicted the dewatering behavior and
the final solids concentration of two full-scale tests, one with the dewatering of gypsum slurry
and the other with contaminated sediments, where the dewatering parameters required for the
analytical model were estimated from pilot-scale performance tests.
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1.5 Research Objectives and Dissertation Structure
The research objectives are to (1) analyze dewatering process on radial and axial directions using
a two-dimensional dewatering apparatus, which is basically a cylindrical geotextile tube, where
the axial and radial flows are measured separately (2) analytical modelling of 1-D, 2-D, and 3-D
dewatering process, and to (3) compare the results of analytical model and the experimental
results of 1-D, 2-D, and 3-D dewatering test methods (PFT, P2DT, and GDT). In the process of
comparing different test methods, the effect of multiple filling, final solids concentration, and
turbidity of the effluent were considered.
The study is divided into five major chapters including the first introductory chapter (Chapter 1).
Chapter 2 includes the materials used, development of the Pressurized 2-Dimentional
Dewatering Apparatus (P2DT), test methods used (PFT, GDT), and the test procedures followed
while conducting the experiments. The test results are analyzed and discussed in Chapter 3. The
analytical modelling and the development of new equations to estimate the volume of geotextile
tubes are described in Chapter 4. The comparison of test methods used in the study, the
prediction of the dewatering behavior of GDT test based on the modelling of P2DT, and the
future work are given in the last chapter.
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Chapter 2: Test Materials, Apparatus, and Procedure
2.1 Materials
2.1.1 Geotextile
Five different geotextiles were selected for this study; two woven geotextiles including a high
strength polypropylene (PP) slit-film geotextile commonly used in dewatering applications, two
geo-composites made up of woven and non-woven geotextiles, and a non-woven geotextile. The
physical, hydraulic and mechanical properties of the geotextiles are shown in Table 2.1. The
geotextile properties given in the following table are specified by their manufacturers and the 98percentile opening size (098) of the geotextiles were obtained from Fatema (2017).
Table 2.1: Properties of the Geotextiles
Geotextile
Material

Geotextile-1

Geotextile-2

Geotextile-3
Polypropylene
(PP)

Polypropylene (PP)

Geotextile-4 Geotextile-5
PET, PP

Geo-composite,
(woven and non-woven)

Polyester
(PET)
Needle
punched,
non-woven

Fabric
structure

Slit-film
woven

Multifilement
woven

Mass per unit
area (g/m2)
Thickness
(mm)

388 – 408

1117

534 – 601

857 – 879

937 – 1075

1.04 – 1.24

1.76

2.84 – 3.37

2.04 – 2.40

5.5 – 6.2

AOS (µm)

271 – 388

600

75 – 88

45

–

098 (µm)*

265 – 331

421 – 630

125 – 146

88 – 122.5

88 – 102.5

Permittivity
0.37
0.35
0.45
0.39
–
(s-1)
Tensile
strength
96 X 70
200 X 200
47 X 47
32 X 32
–
(kN/m)
*Measured at Syracuse University, Fatema (2017), AOS: Apparent Opening Size.
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The images of the geotextiles used in this study are shown in the Figure 2.1. Geotextiles G-1 and
G-2 are woven, G-3 and G-4 are geo-composites and G-5 is a non-woven geotextile.

G -2

G -1

G -3

G -4

G -5

Figure 2.1: Geotextiles Used in the Study. (G: Geotextile)

2.1.2 Sediments
For this study, Tully sand sediments were obtained from the Clark Aggregate Co., a quarry
located in Tully, New York. The soil, termed Tully sand, was prepared by removing fractions
coarser than US sieve No. 4. Figure 2.2 shows the Tully sand and the slurry made of Tully sand
at 10% solids concentration.

18

Figure 2.2: Tully Sand and Tully Sand Slurry At 10% Solids Concentration

The particle size analysis was carried out accordance to ASTM D422 for sieve analysis and
hydrometer analysis. Hydrometer analysis shows that Tully sand has about 15% clay size
particles and 25% silt size particles. Tully sand is classified as poorly graded clayey sand (SPSC) according to the Unified Soil Classification System (USCS). The properties and the
classification of Tully sand is given in Table 2.2.
Table 2.2: Classification of Tully Sand
D10 (mm)

0.0025

D30 (mm)

0.025

D60 (mm)

0.28

Coefficient of uniformity, Cu

112

Coefficient of curvature, Cc

0.07

Liquid Limit, LL (%)

26

Plastic Limit, PL (%)

14

Plasticity Index, PI (%)

12
SP-SC

USCS Classification
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Another slurry, from a glue industry settling pond (Figure 2.3), was obtained from Watersolve
LLC, which will be referred as Glue Slurry. As shown in Figure 2.3, Glue Slurry at 6.3% solids
concentration shrunk after drying it in an oven over 24 hours. The specific gravity of Tully Sand
and Glue Slurry are found to be 2.65 and 1.36 respectively. The specific gravities of the soil
samples were determined in accordance with ASTM D854.

Slurry at S=6.3%

Figure 2.3: Glue Slurry at 6.3% Solids Concentration; Before and After Oven Drying

2.1.3 Chemical Accelerants (Polymers)
For this study, two different chemical accelerants, obtained from Watersolve LLC, are used to
coagulate and flocculate the slurry, which is known as dual polymer system. In the chemical
treatment of slurries, an anionic polymer (Solve-426), and a cationic polymer (Solve-9330) were
used for coagulation and flocculation respectively. For Tully sand slurry, both the coagulant and
flocculant were used, whereas for Glue Slurry, only the flocculant was used as the coagulant was
not effective.
20

2.1.3.1 Finding the Optimum Dose of Chemical Accelerants (Jar Test)
A Jar tester (Phipps & Bird PB-700), as shown in Figure 2.4, was used in finding the optimum
doses of coagulant and flocculent through Jar tests. A density of 5000ppm of polymer was made
by mixing at a proportion of 1g of polymer-concentrate is to 200g of distilled water. The tests
were performed in accordance with ASTM standard D2035 and by following the procedure from
Khachan et al. (2014).

Figure 2.4: Four paddle Jar tester
Turbidity reading of the supernatant at the middle of the beaker is taken after two minutes of
settling time using a turbid meter (Hach 2100N Turbidimeter). The settling time is selected based
on practical observations and based on the recommendation of Khachan et al. (2014). The same
timing is used in the experiments to measure the effluent turbidity reading. Jar tests were carried
out for all the slurries at different solids concentrations and the optimum doses found are
tabulated in Table 2.3.
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Table 2.3: Optimum Polymer Dose
Unit

(ppm)

Polymer

Coagulant (Solve-426)

Flocculant (Solve-9330)

Tully Sand, S = 10%

40

30

Tully Sand, S = 15%

50

40

Tully Sand, S = 20%

60

50

Glue Slurry, S = 6.3%

-

100

Figure 2.5 (a) shows the Tully sand slurry with 20% solids concentration under optimum dose
(60ppm) of coagulant and (b) shows the slurry under optimum dual polymer system (60ppm of
coagulant and 50ppm of flocculant).

Figure 2.5: (a) Before, (b) After Coagulation, and (c) After Coagulation + Flocculation of 20%
Tully sand slurry.
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The chemical treatment of Glue Slurry at 6.3% solids concentration is shown in Figure 2.6. For
this chemical treatment, only the flocculant was used as the coagulant was not effective. The floc
sizes were smaller than that of Tully sand slurry, where both coagulant and flocculant were used.

Figure 2.6: (a) Before and (b) After Flocculation of 6.3% Glue Slurry.

2.2 Pressurized 2-D Dewatering Test (P2DT), Apparatus and Test Method
2.2.1 Experimental Setup
Pressurized 2-Dimentional Dewatering Test (P2DT) setup was first developed and tested by
Driscoll et al. (2016) in an effort to study the dewatering behavior of geotextile tube in different
directions; flow through the bottom geotextile termed axial flow, and the flow through the
cylindrical geotextile termed as radial flow. This test setup was modified for this study to more
efficiently simulate field conditions in a laboratory environment.
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Figure 2.7 and Figure 2.8 show the schematic diagram and picture of P2DT, where axial and
radial flows are collected and electronically logged separately as a function of time with a
logging frequency of 10 seconds using two digital weighing scales (A&D EW-12KI for axial
flow and A&D FG-200KAL for radial flow). The internal diameter and internal height of the
setup is 15cm and 30cm respectively as shown in Figure 2.7. The pressure inside the geotextile
tube can be controlled.

Figure 2.7: Schematic Diagram of P2DT Setup
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Slurry inflow

Geotextile-1

Figure 2.8: P2DT Setup with Geotextile-1
The slurry is pressurized by inflating a high strength latex balloon (Party Magic USA, L3656729-3), with a maximum volume of 400 liters, inside the P2DT setup using compressed air. A
high strength balloon is needed to make sure that the compressed air is not leaking through the
geotextile and through the filter cake. A high capacity (400 liters) balloon is used to ensure that
the pressure inside the balloon is equal to the pressure exerted by it on the slurry. The balloon
will not alter the dewatering behavior during the filling phase by getting trapped in between
geotextile and slurry, as it will be floating on top of the slurry, and is only inflated at the end of
the filling phase.
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Two geotextile pieces (a 20cm in diameter circular specimen and a rectangular specimen having
a length and width of 58cm and 36cm respectively) are used in the setup, where one is bolted
inside the cylindrical frame and the other is bolted on top the perforated steel plate as shown in
Figure 2.9. The perforated steel plate holds the bottom geotextile in shape, preventing it from
sagging down. The cylindrical frame, as shown in Figure 2.9, can be flipped open to examine the
filter cake without disturbing it at the end of the test.
Perforated
Steel Plate

Figure 2.9: The Cylindrical Frame with the Perforated Steel Plate
The lid of the setup, as shown in Figure 2.10, has a safety cap attached to it that will
automatically close when the balloon is inflated, which will prevent the back flow of slurry due
to the high pressure inside the setup. Rubber gaskets are used at all the connections (as shown in
Figure 2.11) to prevent any possible leakages of slurry.
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Lid

Geotextile-1

Balloon

Safety cap

Figure 2.10: The Cylindrical Frame and the Lid with Balloon
The changes that were made to the test setup are as follows;


A pressure mechanism was introduced by inflating a latex balloon inside the setup, which
helped reducing the duration of dewatering and to have different pressure heads on the
slurry.



The height of the setup is reduced by half as a high column of slurry is no longer needed
to introduce a pressure head inside the setup.



A slurry mixing and supplying bucket (as shown in Figure 2.7) is connected to maintain
same pumping pressure and pumping rate (slurry inflow rate) between fillings and tests.



The setup is modified such that the geotextile can be secured to the setup using nuts and
bolts instead of gluing it, which facilitated easier replacement of geotextiles.



The cylindrical frame (as shown in Figure 2.7) is modified such that the cylindrical frame
can be flip opened and the filter cake can be removed, at the end of a test, without
disturbing it.
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A perforated steel plate is introduced right below the bottom geotextile (as shown in
Figure 2.11) to prevent the bottom geotextile from deforming due to the high pressure
inside the setup, and from blocking the axial flow outlet.

2.2.2 Test Procedure
The following test procedure was followed in this study when conducting the P2DT. The
following description is given for the slurry with 10% solids concentration; however, tests were
conducted at other solids concentrations using this procedure. In takes about four hours to
conduct a P2DT test, including the test time taken for preparation and cleanup.
1. From the geotextile roll supplied by the manufacturer a 20cm in diameter circular
specimen and a rectangular specimen having a length and width of 58cm and 36cm
respectively were cut and were saturated in water. The rectangular specimen was secured
along the inner surface of the cylindrical frame, shown in Figure 2.9, and the left-out
lengths were folded along the top and bottom surfaces and were bolted. The circular
specimen was secured at the base of the cylindrical frame, as shown in Figure 2.11, and
bolted to the radial flow collection basin. Then, the lid with the high strength balloon
attached to it (Figure 2.10) was bolted at the top of the cylindrical frame having the
folded geotextile length in between them as shown in Figure 2.11.
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Figure 2.11: Installation of Geotextile on P2DT, Sectional Views
2. For the first filling, 3750ml of slurry was prepared and chemical treatment is applied (in
accordance to Table 2.4) inside the supply bucket, shown in Figure 2.7. Then, the outlet
valve of the supply bucket is opened starting a stop watch at the same time to measure the
filling duration.
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Table 2.4: Soil Slurry Composition for Tully Sand.
S (%)

Volume

10

15

20

Slurry Water Soil Ct
Ft Water Soil Ct
Ft Water Soil Ct
Ft
(ml) (ml) (g) (ml) (ml) (ml)
(g) (ml) (ml) (ml)
(g) (ml) (ml)

Fill 1

3750

3599 400 30.0 22.5

3516

620 37.5 30.0

3427

857 45.0 37.5

Fill 2

2500

2399 267 20.0 15.0

2344

414 25.0 20.0

2284

571 30.0 25.0

Fill 3

1750

1680 187 14.0 10.5

1641

290 17.5 14.0

1599

400 21.0 17.5

Total

8000

7678 853

7501 1324

64

48

80

64

7310 1828

96

80

*Ct: Coagulant, Ft: Flocculant (at 5000ppm)
3. Immediately upon completion of filling (about 30 seconds for the first filling), pressure
line is connected to have a desired pressure inside the setup. In this study, for most of the
experiments, 10kPa pressure was maintained throughout the drawdown phases. The
pressure is selected from a medium size geotextile tube used in the filed with a theoretical
diameter of 3m (Lawson, 2008). As soon as the high strength balloon was inflated, the
safety cap (shown in Figure 2.10) attached to the lid of the setup, automatically sealed the
slurry-inflow port.
4. Volume and time readings were automatically logged in a computer connected to the
digital weighing scales. The readings were logged separately for radial and axial flows as
a function of time.
5. Two minutes after the end of the pumping (first filling) of slurry (two minutes into
drawdown), turbidity measurements were taken separately for axial and radial effluents
using a turbid meter (Hach 2100N Turbidimeter). After recording the turbid reading, the
effluent sample was poured back. Samples for the turbidity measurements were taken
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from the effluent collection buckets. Therefore, they represent the cumulative sample
collected until then.
6. Upon the completion of thirty minutes (each filling is allowed to dewater for 30 minutes),
pressure is switched to vacuum to make sure that the balloon is completely deflated as it
might get trapped inside the slurry. The thirty-minute time was calculated based on trial
experiments where the time taken to have almost zero dewatering rate was recorded.
Before starting the subsequent fillings, the outlet valve of the supply bucket was closed.
7. Same procedure is continued for the second and third fillings. Each filling was dewatered
for 30 minutes. The volume of slurry pumped for the second and third filling are 2500ml
and 1750ml respectively. In total for all the three fillings 8 liters of slurry was pumped.
8. Finally, at the completion of all the fillings, the pressure is released and the lid and the
cylindrical frame was opened to take measurements of the filer cake, such as solids
concentration, height etc.
9. The heights of the filter cake, were measured by cutting the filter cake vertically into two
halves. A filter cake sample was placed in a steel pan for drying and weighed before
being placed in the drying oven (minimum 24 hours). Upon completion of drying, the dry
filter cake and pan were measured and solids concentration of the filter cake was
calculated.

The first set of the P2DT tests carried out for this study are listed in Table 2.5, for each test
category at least three tests were conducted to check reproducibility.
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Table 2.5: Dewatering Test Combinations
Tests

Geotextile

Slurry/ Soil

Solids Concentration,
S (%)

Pressure
(kPa)

Test-B1
(S = 10%)

Geotextile-1

Tully sand

10

10

Test-B2
(S = 15%)

Geotextile-1

Tully sand

15

10

Test-B3
(S = 20%)

Geotextile-1

Tully sand

20

10

2.3 Pressure Filtration Test (PFT)
The pressure filtration test (PFT) is an improved version of falling head test (FHT) to simulate
geotextile tube dewatering. The cylindrical reservoir of PFT, as shown in Figure 2.12, can hold
up to 600 mL of slurry, has a diameter of 7.2 cm and a height is 170 mm. Many researchers have
used similar apparatus with small variations (e.g., Moo-Young et al., 2002; Kutay and Aydilek,
2004; Muthukumaran and Ilamparuthi, 2006; Satyamurthy and Bhatia, 2009; Grzelak et al.,
2011; Khachan et al. 2014).
For this study, the PFT setup used by Khachan et al. (2014) was used. The PFT tests were done in
accordance with the procedure described by Khachan et al. (2014). The schematic diagram and
the actual test setup of the PFT apparatus are shown in Figure 2.12. The pressure head in the PFT
apparatus was maintained at 10kPa to be consistent with P2DT tests. Volume measurements of
the effluent were recorded automatically with a logging frequency of 10 seconds, using a digital
weighing scale and a computer.
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Three fillings were done for each test and slurry was prepared and chemical treatment was
applied each time separately. Each filling was allowed to dewater for 30 minutes, where the
dewatering duration is taken from P2DT to be consistent with it, because it will be helpful in
making comparisons between test methods.

Figure 2.12: Schematic Diagram of the Pressure Filtration Test (PFT)
Tully sand and geotextile-1 were used for the pressure filtration tests (PFT). The soil, water and
chemical composition used while making the chemically treated slurry are given in Table 2.6.
Tests with three different solids concentrations were conducted that are 10, 15, and 20 percent by
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weight. Three fillings were conducted for each test category following the same ratios as P2DT
tests.
Table 2.6: Soil, Slurry Composition for Tully Sand.
S (%)
Volume

10

15

20

Slurry Water Soil Ct
Ft Water Soil Ct
Ft Water Soil Ct
Ft
(ml) (ml) (g) (ml) (ml) (ml) (g) (ml) (ml) (ml)
(g) (ml) (ml)

Fill 1

375

360

40

3.0

2.3

357

49

3.3

2.6

352

62

3.8

3.0

Fill 2

250

240

27

2.0

1.5

238

32

2.2

1.7

234

41

2.5

2.0

Fill 3

175

168

19

1.4

1.1

166

23

1.5

1.2

164

29

1.8

1.4

Total

800

768

85

6

5

761

104

7

5

750

132

8

6

*Ct: Coagulant, Ft: Flocculant (at 5000ppm)
The following table (Table 2.7) shows the test combinations that were carried out, where
Geotextile-1, Tully sand, and 10kPa of pressure head was maintained to be consistent with P2DT
tests.
Table 2.7: Dewatering Test Combinations
Test
category

Geotextile

Slurry/ Soil

Solids
Concentration, S (%)

Pressure
(kPa)

Test-A1
(S = 10%)

Geotextile-1

Tully sand

10

10

Test-A2
(S = 15%)

Geotextile-1

Tully sand

15

10

Test-A3
(S = 20%)

Geotextile-1

Tully sand

20

10
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2.4 Geotextile Demonstration Test (GDT)
Geotextile Demonstration Test (GDT) was first developed by TenCate in 2007 in order to
adequately simulate actual geotextile tube dewatering process. Since 2013 GDT is recognized as
a standard testing method (ASTM D7880) by ASTM (American Society for Testing and
Materials). A pillow-shaped tube is utilized in GDT, which closely resembles the shape of a full-

scale tube and allows for dewatering in all directions. However, it is clearly mentioned in the
standard that this test method does not simulate actual field conditions.

2.4.1 GDT Test Setup

Figure 2.13: Geotextile-tube Demonstration Test (GDT) Arrangement
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The test procedure followed in this study slightly differ from the methodology explained in
ASTM D7880. Some process, such as mixing and pumping slurry, the logging and recoding of
effluent weight, are automated to reduce the human intervene and to ease the testing process.
Figure 2.14 shows the schematic diagram of the experimental setup, where the slurry is pumped
using an electric water pump and the weight of the effluent is logged every 10 seconds using a
digital scale. A transparent barrier is used to prevent any possible splashing of slurry through the
pores of the geotextile tube out of the test setup, especially during the filling phase where the
dewatering rate is high.

Figure 2.14: Schematic Diagram of Geotextile-tube Demonstration Test (GDT) setup
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For the experiments, square geotextile-tubes with a width of 53cm seam-to-seam and a
theoretical diameter (DT) of about 34cm were used in accordance with the ASTM standard
D7880 (shown in Figure 2.15). The geotextile tube is made by folding a rectangular geotextile

sheet and seaming the sides except the one that is folded. The geotextile tube has a capacity of
about 28 liters (ASTM D7880).

53cm X 53cm

Figure 2.15: GDT Geotextile Tube Before and After Filling
In this study, a slurry volume of about 130 liters were pumped in three different fillings one after
the other. The time intervals between fillings were determined based on trial experiments where
the time taken to reach almost zero dewatering rate was recorded to be about 30 minutes. Two
different sets of experiments were carried out varying solids concentration as shown in Table 2.8.
At least two experiments were carried out for each test category.
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Table 2.8: Dewatering Test Combinations

Test category

Geotextile

Slurry/ Soil

Solids Concentration, S
(%)

Test-C1
(S = 10%)

Geotextile-1

Tully sand

10

Test-C2
(S = 15%)

Geotextile-1

Tully sand

15

Table 2.9 shows the optimum polymer volume calculated for each fillings of tests with different
solids concentration, and the fractions of water and soil to make the slurry. The slurry volume for
each filling was determined by conducting trial experiments.
2.4.2 Test Procedure
The following test procedure is followed for conducting the GDT for this study. This procedure
is based on ASTM standard D7880, however, more comprehensive and automated techniques
were used to conduct the experiments and to record the findings with high accuracy that will be
helpful in developing an analytical model that describes the dewatering process.
1. The geotextile tube (with a size of 53cm X 53cm), supplied by the manufacturer saturated
by soaking it in tap water.
2. For the first filling, 3750ml of slurry was prepared and chemical treatment is applied (as
given in Table 2.9) inside the supply bucket, shown in Figure 2.14. Then, the electric
pump attached to it was operated to pump the slurry, starting a stop watch at the same
time to measure the filling duration.

38

Table 2.9: Polymer Requirements for Slurry
S (%)

10

15

Volume

Slurry
(L)

Water
(L)

Soil
(kg)

Ct
(L)

Ft
(L)

Water
(L)

Soil
(kg)

Ct
(L)

Ft
(L)

Fill 1

56.0

53.7

6.0

0.4

0.3

52.5

9.3

0.6

0.4

Fill 2

42.8

41.1

4.6

0.3

0.3

40.1

7.1

0.4

0.3

Fill 3

32.9

31.6

3.5

0.3

0.2

30.9

5.4

0.3

0.3

Total

131.7

126.4

14.0

1.1

0.8

123.4

21.8

1.3

1.1

*Ct: Coagulant, Ft: Flocculant (at 5000ppm)
3. Immediately upon completion of filling, filling duration is recorded and the outlet valve
of the supply bucket is closed to prevent any back flow of slurry.
4. Weight of the effluent from the geotextile tube is measured using a digital weighing scale
and automatically logged in a computer that is connected to the digital weighing scale.
5. Two minutes after the end of the pumping of slurry (two minutes into drawdown),
turbidity measurements were taken using a turbid meter (Hach 2100N Turbidimeter).
After recording the turbid reading, the effluent sample was poured back. Samples for the
turbidity measurements were taken directly from the effluent seeping through the
geotextile tube by holding a sampler beneath it.
6. Upon the completion of thirty minutes (same dewatering duration as P2DT), the second
batch of chemically treated slurry is pumped.
7. Same procedure is continued (from step 2 to 6) for the subsequent fillings. Each filling
was dewatered for 30 minutes. Three fillings were done for a test and new slurry was
prepared and chemical treatment was applied each time separately. In total for all the
three fillings about 130 liters of slurry was pumped.
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8. Finally, at the completion of all the fillings, the geotextile tube was cut opened to take
samples from the corner and in the middle of the tube to measure final solids
concentration of the filter cake.
9. The filter cake samples were placed in a steel pan for drying and weighed before being
placed in the drying oven (minimum 24 hours). Upon completion of drying, the dry filter
cake and pan were measured and solids concentration of the filter cake was calculated.

Two sets of GDT tests (on Tully sand slurry at 10% and 15% solids concentrations) were carried
out following the above procedure for this study. As the reproducibility of the GDT tests were
high only two tests were conducted for each category.
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Chapter 3: Test Results
In this Chapter, test results of Pressurized 2-dimensional dewatering tests (P2DT) were
conducted on Tully sand slurry and on Glue Slurry with five different geotextiles are presented.
Test results are discussed to evaluate the role of geotextile, the influence of pressure head, and of
the properties of slurry are also discussed in this chapter. In addition, the results of pressure
filtration tests (PFT), and geotextile-tube demonstration tests (GDT) are also discussed in this
Chapter.

3.1 Pressurized 2-Dimensional Dewatering Test
3.1.1 Dewatering Rate
In Figure 3.1, the effluent collected radially and axially are plotted as a function of time. Three
tests were conducted for each test category as shown in Figure 3.1. Three fillings were carried
out for each test, and the second and third fillings were taken place at 30 minute intervals. The
dewatering time for a single filling was selected based on trial experiments of Tully slurry with
the highest solids concentration (20%) as it took longer time compared to other test
combinations. The axial effluent flow in all the tests are increasing with the increase in solids
concentration for a specific soil, whereas the radial flows reduced with solids concentration.

41

7

S = 10% - Radial
S = 15%- Radial

6

S = 20% - Radial
S = 10% - Axial

5

S = 15% - Axial

Effluent Volume (L)

S = 20% - Axial

4

3

2

1

0
0

10

20

30

40
50
Dewatering Time (min)

60

70

80

90

Figure 3.1: Radial and Axial Effluent Volume vs Dewatering Time for Tully Sand

Results given in Figure 3.1 shows that the P2DT tests are reproducible. In the radial and axial
flow measurements of a test, the maximum deviation recorded between three tests is 0.28 liters,
which is about 3.5% difference, whereas in the total volume measurements, the maximum
deviation recorded between three tests is 0.1 liters, which is about 1.25% difference. Therefore,
the P2DT tests are reproducible. As shown in Figure 3.2, the trend of the total effluent flow,
which is the addition of radial and axial flows, is predictable, where the effluent volume
decreased with the increase of solids concentration for Tully slurry.

42

8
7
6

Effluent Volume (L)

5
4
S = 10%
3
S = 15%
2

S = 20%

1
0
0

10

20

30

40
50
60
Dewatering Time (min)

70

80

90

Figure 3.2: Total Effluent Volume vs Dewatering Time for Tully Sand

The contained volume plots, shown in Figure 3.3, are generated through Equation 1.12, where
(

the average effluent volumes from Figure 3.2 are used. The contained volume plot describes the
volume of slurry inside the geotextile tube of P2DT as a function of time. The contained volume
at the end of each filling increases with each filling, where the free water drains out leaving the
solids behind. Test-B3 (S = 20%) has the maximum contained volume of about 1.5 liters at the
end of the fillings, where 8 liters of slurry was pumped, and 6.5 liters of effluent was collected
(refer Figure 3.3).
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Figure 3.3: Average Contained Volume vs Dewatering Time of Tully sand

3.1.2 Filter Cakes
Figure 3.5 shows the filter cake of Test-B3 (Tully sand slurry with 20% solids concentration and
Geotextile-1) after the removal of cylindrical frame with geotextile without disturbing the filter
cake. The filter cake consists of two zones; radial and bottom filter cakes, as shown in Figure
3.4. The bottom filter cake is formed mostly due to the flow of slurry through the bottom
geotextile and the radial filter cake is mostly due to the slurry flow through the radial geotextile.
The thickness at the top of the radial filter cake is about 1mm and it increases with depth. One of
the reasons for having a higher thickness at the bottom of the radial filter cake being that the soil
particles and flocs falling vertically due to their self-weight.
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Figure 3.4: Filter Cake Height Measurements Taken from 20% Tully Slurry (Test-B3)

13cm

Figure 3.5: Filter Cake of 20% Tully slurry (Test-B3)
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The filter cake measurements at the end of all three fillings are given along with the flow ratios
in Table 3.1. The height of the radial filter cake plays a major role in the flow ratio between the
radial flow and axial flow. It can be observed from the results (refer Table 3.1), the flow ratio is
reducing with the increase in the height of the radial filter cake.
Table 3.1: Flow Ratio vs Filter Cake Height
Test
Category
(S)

Height of radial
filter cake, H (cm)

Thickness of bottom
filter cake, h (cm)

Test-B1
(S=10%)

7.8

Test-B2
(S=15%)
Test-B3
(S=20%)

Flow ratio (radial /axial)
Fill -1

Fill -2

Fill -3

Average

2.1

6.0

6.1

6.2

6.1

9.8

2.8

3.4

4.0

4.4

3.9

12.7

4.5

3.0

3.2

3.7

3.3

S: Solids Concentration

3.1.3 Solids Concentration
The final solids concentrations of slurries at the end of all the three filling and drawdown phases.
To measure the solids concentration of the filer cakes, samples were taken at three locations,
from the top, middle, and the bottom layers of the filter cake, as shown in Figure 3.6. For all the
filter cakes, the solids concentration of the top layer of the filer cake was slightly higher by about
1 to 3% compared to middle and the bottom layers (refer to Table 3.2). The average value of the
final solids concentration increased with the initial solids concentration of the slurry, However,
the difference is not significant (refer to Table 3.2). Equation 1.4 was used to calculate the
(

porosity of the filter cake.
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)

Figure 3.6: Measurements of Solids Concentration

Table 3.2: Final Solids Concentration from Experiments
Test-B1 (S= 10%)

Test-B2 (S= 15%)

Test-B3 (S= 20%)

Tests

S (%)

Top

Mid

Bottom

Top

Mid

Bottom

Top

Mid

Bottom

66.6

65.3

65.7

68.6

65.1

66.3

68.6

66.1

66.3

S (%), range

64.4 - 68.7

64.7 - 68.7

65.9 - 70.0

Average, S (%)

65.8

66.7

67.0

Average Porosity

0.579

0.570

0.567

*S: Solids Concentration
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3.1.4 Turbidity of the Effluent
As described earlier, turbidity measurements were taken two minutes after each of the fillings.
Samples for the turbidity measurements were taken from the effluent collection buckets.
Therefore, they represent the cumulative sample collected until then. As shown in Figure 3.7, the
turbidity of the axial effluents is lower than that of radial effluents by about 20 to 60 NTU. For
all the tests, the turbidities were reduced with fillings. For example, the turbidity of the axial
effluent of Test-B1 (S =10%) during the first filling is 95 NTU, which reduces to 60 NTU in the
second filling and the reduces to 55 NTU for the last filling.
140
S = 10% - Axial
S = 10% - Radial

120

S = 15% - Axial
S = 15% - Radial

Turbidity (NTU)

100

S = 20% - Axial
S = 20% - Radial

80

60

40

20

0
Fill-1

Fill-2

Fill-3

Fillings
Figure 3.7: Two-minute Turbidity Measurements of Tully Sand Slurry
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3.1.5 Parameters Influencing the Dewatering Process
Experiments were conducted (Table 3.3) to investigate the role of geotextile, slurry properties
and the applied pressure head on the dewatering performance using the P2DT test. Five different
geotextiles, including two geo-composites and a non-woven geotextile were used to investigate
the role of geotextile. In addition, three different pressure heads and another sediment were also
used to individually investigate their role on dewatering performance.

Table 3.3: Dewatering Test Combinations
Test category
Test-B1
(10kPa, G-1)
Test-B5.2
(5kPa)
Test-B5.3
(2kPa)
Test-B6.2
(G-2)
Test-B6.3
(G-3)
Test-B6.4
(G-4)
Test-B6.5
(G-5)
Test-B7
(Glue Slurry)

Geotextile

Slurry/ Soil

Solids
Concentration,
S (%)

Geotextile-1

Tully sand

10

10

Geotextile-1

Tully sand

10

5

Geotextile-1

Tully sand

10

2

Geotextile-2

Tully sand

10

10

Geotextile-3

Tully sand

10

10

Geotextile-4

Tully sand

10

10

Geotextile-5

Tully sand

10

10

Geotextile-1

Glue Slurry

6.3

10
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Pressure
(kPa)

3.1.5.1 Role of Pressure Head
3.1.5.1.1 Dewatering Rate
In order to assess the role of pressure head on the dewatering process, additional experiments
(Test-B5.2, Test-B5.3) were conducted with a pressure heads of 5kPa and 2kPa. For the tests
with 5kPa and 2kPa, the axial flow has increased (Figure 3.8), whereas the radial and total flows
have reduced compared to the control experiment with 10kPa pressure (Test-B1). Additionally,
the flow ratio also reduced compared to that of the control experiment. A clear trend can be
observed between the effluent volume and pressure head, where the effluent volume increased
with the increase in the applied pressure head. However, at one point, the effluent volume will be
constant with further increase in pressure as the amount water in the slurry is limited.
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Figure 3.8: Radial vs Axial Flows; 10kPa, 5kPa and 2kPa
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3.1.5.1.2 Filter Cake
The same trend between the height of the radial filter cake and flow ratio is observed in the
following set of experiments as well (Table 3.4). The height of the filter cake has increased when
the pressure head is reduced to 2kPa from 10kPa; The height of the radial filter cake has
increased by 0.2cm and the thickness of the bottom filter cake has increased by 0.7cm.
Table 3.4: Flow Ratio vs Filter Cake Height; 10kPa, 5kPa and 2kPa
Test
Category

Flow ratio (radial /axial)

Height of radial
filter cake, H (cm)

Thickness of bottom
filter cake, h (cm)

Fill -1

Fill -2

Fill -3

Average

7.8

2.1

6.0

6.1

6.2

6.1

7.8

2.5

5.6

5.5

5.5

5.5

8.0

3.0

5.2

4.8

4.8

4.9

Test-B1
(10kPa)
Test-B5.2
(5kPa)
Test-B5.3
(2kPa)

There is a significant reduction in the final solids concentration that was measured after all the
three fillings compared to that of Test-B1 (Table 3.5). When the pressure head is reduced to
2kPa, the average final solids concentration went down from 65.8% to 58.8%, about 7%
reduction.
Table 3.5: Final Solids Concentrations; 10kPa, 5kPa and 2kPa
Tests

Test-B1
(10kPa)

Test-B5.2
(5kPa)

Test-B5.3
(2kPa)

S (%), range

64.4 - 68.7

60.2- 65.9

56.2 – 61.7

Average, S (%)

65.8

62.7

58.8

Average Porosity

0.579

0.612

0.622

S: Solids Concentration
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3.1.5.1.3 Turbidity
The reduction in pressure head by half has almost reduced the turbidity of the radial and axial
effluents by half. The turbidity differences between axial and radial flows have also reduced
(Figure 3.9). For example, during the second filling, the turbidity difference between axial and
radial flows of Test-B1 (10kPa) is about 30 NTU, whereas that of the test with 2kPa pressure
head is about 7 NTU. When the pressure head differs from 5kPa to 2kPa, the turbidity
measurements do not change significantly, however, generally, the turbidity readings are
reducing with reduction in pressure head.
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Figure 3.9: Two-minute Turbidity Measurements; 10kPa, 5kPa and 2kPa
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3.1.5.2 Role of Geotextile
To investigate the role of the geotextile, tests were performed with four other geotextiles
including non-woven geotextiles and geo-composites, where Tully sand slurry with 10% solids
concentration was pumped and 10kPa pressure head was applied.
3.1.5.2.1 Dewatering Rate
Figure 3.10 shows the axial and radial flows of the tests with different geotextiles as functions of
time. For Test-B6.3, where geotextile-3 (geo-composite) is used, the axial flows have surpassed
the radial flow for all the fillings and at the end of the third filling the difference between axial
and radial flow is about 1.5 liters.
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Figure 3.10: Radial vs Axial Flows with Five Different Geotextiles (G: Geotextile)
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As per Figure 3.11, the total dewatered volume (volume of effluents) of all the tests are within
the small range between 7 liters to 7.3 liters. It can be concluded that geotextiles do not have a
significant effect on dewatering rate, however, . Researchers have made similar conclusions
concluding that the filter cake properties ultimately control dewatering performance, rather than
those of the geotextile (e.g., Moo-Young et al., 2002; Liao and Bhatia, 2005; Satyamurthy and
Bhatia, 2009).
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Figure 3.11: Total Dewatering Rate of Five Different Geotextiles (G: Geotextile)
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3.1.5.2.2 Filter Cake
As shown in Figure 3.12, for Test-B6.3, where the geo-composite is used, the radial filter cake
was formed throughout the entire geo-composite (some portion of the filter cake layer has fallen
when the pressure head is removed at the end of the test). Unlike other tests, the radial filter cake
consists of two portions in terms of thickness; one being a thin sheet of filter cake, about 1mm in
thickness, attached to the fibers of the non-woven side of the radial geo-composite, and the other
being a thick filter cake about 1mm at the top and the thickness increasing with depth. The filter
cake was vertically cut into two halves in order to further study the shape of them, as shown in
Figure 3.12.

30cm

Figure 3.12: Filter Cake of Test-B6.3 (Geotextile-3 and Tully Slurry at S=10%)
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The filter cake formation of non-woven geotextile (Geotextile-5) and of geo-composites
(Geotextiles 3 and 4) were similar, where a thin layer of radial filter cake attached to the
geotextile was observed (refer to Figure 3.12 and Figure 3.13).

Figure 3.13: Filter Cake Measurements; (a) Geotextile-4, and (b) Geotextile-5

Figure 3.14: Filter cake measurements; Geotextile-1 vs Geotextile-3
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Figure 3.14 compares the filter cake of Test-B1 and Test-B6.3, where the filter cake of Test-B6.3
has a thin layer (about 1mm thick and 23cm height) attached to the radial geotextile. Trend
between the height of the radial filter cake and flow ratio was observed (refer Table 3.6). There
is a significant reduction in the flow ratios for composite and non-woven geotextiles as compared
to the woven geotextiles, where the average flow ratio of Test-B1 (woven) is 6.1 and that of
Test-B6.3 (geo-composite) is 0.8, which is almost 9 times smaller.
Table 3.6: Flow Ratio vs Filter Cake Height with Five Different Geotextiles
Test
Category

Height of radial
filter cake, H (cm)

Thickness of bottom
filter cake, h (cm)

Test-B1

7.8 + 0*

Test-B6.2

Flow ratio (radial /axial)
Fill -1

Fill -2

Fill -3

Average

2.1

6.0

6.1

6.2

6.1

5.5 + 0*

1.5

7.3

6.9

6.8

7.0

Test-B6.3

7 + 23*

2.0

0.8

0.7

0.7

0.8

Test-B6.4

6.5 + 15*

2.0

2.5

2.5

2.5

2.5

Test-B6.5

9 + 19*

2.5

1.1

1.1

1.3

1.2

*

About 1mm thick sheet of radial filter cake

The final solids concentration measured for the three tests (Test-B6.3) done with geotextile-3
(geo-composite) are tabulated against the solids concentration measurements of Test-B1
(geotextile-1) in Table 3.7. The average reduction in the final solids concentration of Test-B6.3
is about 8% in contrast to Test-B1. In Test-B6.2, where the woven geotextile with large opening
size was used had excessive leakage of fine particles. Therefore, the filter cake height was
smaller and the turbidity measurements were higher compared to the control test (Test-B1:
Geotextile-1) as the woven geotextiles are smooth and the flocs will not stick to the geotextile
surface.
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Table 3.7: Final Solids Concentrations with Five Different Geotextiles
Tests

Test-B1

Test-B6.2

Test-B6.3

Test-B6.4

Test-B6.5

S (%), range

64.4 - 68.7

63.4 - 67.0

62.7- 67.3

64.4 - 67.0

62.1 - 65.8

Average, S (%)

65.8

64.8

64.3

65.1

63.9

Average Porosity

0.579

0.590

0.595

0.587

0.600

S: Solids Concentration

3.1.5.2.3 Turbidity
The 98-percentile opening size (098) of the Geotextile-3 is six times (Table 2.1) smaller than that
of Geotextile-1. However, the reduction in turbidity is not significant, especially in the third
filling. Even though Test-B6.3 show improvement in turbidity, the final solids concentrations
and the dewatering rate is lower compared to its control test (Test-B1). Test-B6.3, Test-B6.4,
Test-B6.5 (where non-woven and geo-composites were used) show improvement in turbidity
measurements, however, there are no significant change in the final solids concentrations and the
dewatering rates. The 98-percentile opening size (098) of Geotextile-2 (woven) is twice of
Geotextile-1, and the turbidity measurements (212 to 296 NTU) of Test-B6.2 are about 3 times
more than Test-B1. However, the opening size of geotextile alone is not a good indicator to
predict the filtration behavior of geotextile tubes (e.g., Moo-Young et al. 2002, Kutay 2002,
Aydilek and Edil 2002).
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Figure 3.15: Two-minute Turbidity Measurements of Five Different Geotextiles (G: Geotextile)

3.1.5.2.4 Comparison of Geotextile Performances
Table 3.8 shows the ranking of geotextiles based on the properties (thickness, permittivity and
098) and the performances of geotextiles in P2DT (turbidity of effluent, flow ratio and filter cake
measurements). The indices are ranked based on the average numerical value of them, where the
lowest value takes up the first rank. Based on the ranking, it can be observed that O98 and
turbidity readings show a trend, where the turbidity measurements of the effluents are increasing
with the increase of O98. Similarly, the flow ratio (ratio between radial and axial flows) is
reducing with the increase in the permittivity of geotextiles and height of the radial filter cake.
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Similar observations were made by Kutay and Aydilek (2004) between permittivity of
geotextiles and piping rate. The properties of geotextile did not have any significant influence on
the final solids concentration and the total dewatering rate. However, the ratio between axial and
radial effluent flows have influenced by the properties of geotextiles.
Table 3.8: Geotextile Properties and Performance Ranking
Geotextile

G-1
(woven)

G-2
(woven)

Properties

G-3
(composite)

G-4
(composite)

G-5
(nonwoven)

Rank (low to high)

Bubble point,
(098)

4

5

3

2

1

Thickness

1

2

4

3

5

Permittivity

2

1

4

3

-

Turbidity

4

5

3

2

1

4

5

1

3

2

2

1

5

3

4

4

1

2

3

5

Flow ratio
(radial /axial)
Height of radial
filter cake, H
Thickness of
bottom filter
cake, h

Figure 3.16 compares the permittivity of geotextiles with the flow ratios (ratio between radial
and axial flows), where the tests were conducted on four different geotextiles with Tully sand
slurry at 10% solids concentration. The flow ratio reduced with the increase in permittivity with
a non-linear trend (power function), which has a coefficient of determination (R2) of about 97%.
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Figure 3.16: Permittivity vs Flow Ratio (Radial/Axial) of P2DT with Tully Slurry at S=10%

3.1.5.3 Role of Slurry Properties
Another sediment was used to check whether the dewatering characteristics, such as dewatering
rate, final solids concentration, turbidity, change with the change of sediment. Table 3.9 shows
the soil, water and chemical compositions for Test-B1, and for Test-B7. It was found through jar
tests that the addition coagulant had no effect on Glue Slurry. Therefore, dual polymer system
was not used on Glue Slurry and only the flocculant was used.
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Table 3.9: Soil, Slurry, And Chemical Compositions for Tully Sand and Glue Slurry.
Sediment / Slurry

Tully Sand (Test-B1)

Glue Slurry (Test-B7)

Solids Concentration, S

10%

6.3%

Volume

Slurry
(ml)

Water
(ml)

Soil
(g)

Ct
(ml)

Ft
(ml)

Slurry
(ml)

Ft
(ml)

Fill 1

3750

3599

400

30

22.5

3750

75

Fill 2

2500

2399

267

20

15.0

2500

50

Fill 3

1750

1680

187

14

10.5

1750

35

Total

8000

7678

853

64

48

8000

160

*Ct: Coagulant, Ft: Flocculant (at 5000ppm)

3.1.5.3.1 Dewatering Rate
For Test-B7 the axial flows have surpassed the radial flow for all the fillings as plotted in Figure
3.17. At the end of the first filling of Test-B7, where Glue Slurry is used, the axial flow is
slightly higher than the radial flow, at the end of second and third fillings the axial flow has
surpassed the radial flow by 0.2 liters and 0.35 liters respectively.
The total dewatering rate of Tully sand slurry with a solids concentration (S) of 10% and Glue
Slurry with a solids concentration of 6.3% are plotted in Figure 3.17. Same volume of slurries (8
liters) were pumped for both the tests. Even though the solids concentration of Test-B7 is less,
the amount of effluent dewatered was about 2 liters less than that of Test-B1.
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Figure 3.17: Dewatering Rate; Tully Sand Slurry vs Glue Slurry with Geotextile-1

3.1.5.3.2 Filter Cake
Figure 3.18 shows the filter cake from Test-B7, where Glue Slurry with a specific gravity of 1.36
is used. The filter cake was cut vertically into two halves in order to further study the shape of it,
as shown in Figure 3.18.
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30cm

Figure 3.18: Filter Cake from Test-B7
Table 3.10 shows the filter cake measurements (as per Figure 3.4) taken at the end of the test
(after all the three filling and drawdown phases). The same trend between the height of the radial
filter cake and flow ratio is observed in the following set of experiments as well (Table 3.10).
The axial flows with Glue Slurry are higher than the radial flows, where the height of the radial
filter cake (17cm) and is more than half of the height of the radial geotextile (30cm).
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Table 3.10: Flow Ratio vs Filter Cake Height; Tully Slurry vs Glue Slurry

Test
Category

Height of radial
filter cake, H (cm)

Thickness of bottom
filter cake, h (cm)

Test-B1
7.8
2.1
(Tully)
Test-B7
17 + 6*
7.0
(Glue Slurry)
*About 1mm thick sheet of radial filter cake (6cm)

Flow ratio (radial /axial)
Fill -1 Fill -2 Fill -3

Average

6.0

6.1

6.2

6.1

0.9

0.8

0.9

0.9

Since the chemical accelerant treatment was not very effective and due to the nature of Glue
Slurry, the achievable final solids concentration of Glue Slurry is only about 21% (Table 3.11).
The range for the solids concentrations based on the three tests performed with Glue Slurry
(Test-B7) is varied only about 1.5%.
Table 3.11: Final Solids Concentrations; Tully slurry vs Glue Slurry
Tests

Test-B1
(Tully Sand Slurry)

Test-B7
(Glue Slurry)

S (%), range

64.4 - 68.7

20.1- 21.6

Average, S (%)

65.8

20.7

Average Porosity

0.579

0.831

S: Solids Concentration
3.1.5.3.3 Turbidity
The turbidities of Test-B7 are very high as the chemical accelerant treatment is not effective for
Glue Slurry. The two-minute turbidity of Test-B7, where Glue Slurry is used, is increasing in the
subsequent fillings unlike other test categories. The turbidity of the radial effluent is significantly
higher during the third filling in contrast to Test-B1 by about 330 NTU.
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Figure 3.19: Two-minute Turbidity Measurements; Tully Slurry vs Glue Slurry

3.1.5.4 Contained Volume
Figure 3.20 shows the contained volume of slurry inside the geotextile tube (P2DT test setup) as
a function of time. Test-B7 (Glue Slurry) has the highest contained volume of about 3.4 liters
after the third filling of the test. Test B-7, has the highest contained volume throughout the test,
which ends up in a final contained volume of 2.6 liters at the end of the third filling. Test-B6,
where the pressure is reduced to 5kPa and Test-B6, where geotextile-2 is used almost the same
contained volumes.
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Figure 3.20: Contained Volume vs Dewatering Time

3.2 Pressure Filtration Test (PFT)
3.2.1 Dewatering Rates
Figure 3.21 shows the dewatering rate of Pressure Filtration Tests (PFT) on Tully sand slurry
with three different solids concentrations. The rate of dewatering is reducing with the increase in
the solids concentration for Tully sand. Most of the dewatering takes place for the tests with 10%
solids concentration (Test-A1, and Test-A4) within the first 15 minutes during the first filling,
whereas for the tests with 15% (Test-A2) and 20% (Test-A3) solids concentration, the durations
are about 20 and 30 minutes respectively.
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Figure 3.21: Dewatering Rates of Tully Sand Slurry in PFT

The contained volume is given as a function of time in Figure 3.22, where the contained volume
is the volume of slurry inside the cylindrical reservoir of PFT setup. The contained volume plots
are generated through Equation 1.12, where the average effluent volumes from Figure 3.21 are
(

used in the equation.
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Figure 3.22: Average Contained Volume vs Dewatering Time; PFT
3.2.2 Filter Cakes
The filter cake from Test-A3, where the Tully slurry with 20% solids concentration was used, is
shown in the following figure (Figure 3.23). The diameter of the filter cakes is 7.2cm, which is
same as the internal diameter of the cylindrical reservoir of PFT test setup (Figure 2.12).

Figure 3.23: Filter Cake from Test-A3 (S = 20% Tully Sand Slurry)
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Table 3.12 shows the average height of the filter cakes from PFT, measured after the end of all
the three fillings. The filter cake height increased with the increase in the initial solids
concentration of the slurry.
Table 3.12: Flow Ratio vs Filter Cake Height;

Test Category

Average height of the filter cake
after three fillings (cm)

Test-A1 (S= 10%)

1.8

Test-A2 (S= 15%)

2.6

Test-A3 (S= 20%)

4.0

The final solids concentration of the filter cakes measured at the end of all the three fillings are
given in the following table (Table 2.8). The final solids concentration is reducing with the
increase in the initial solids concentration of the slurry. The average solids concentration of TestA1 is about 69%, and that of Test-A3 is about 4% less.
The filter cake was divided horizontally into three layers for the purpose of measuring the final
solids concentration. The solids concentration of the top layer of the filter cake is always lesser
than that of the middle and bottom layers, in which the bottom layer has the highest solids
concentration for all the tests performed on Tully sand slurry.
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Table 3.13: Final Solids Concentration from Experiments
Test-A1 (S= 10%)

Test-A2 (S= 15%)

Test-A3 (S= 20%)

Tests

S (%)

Top

Mid

Bottom

Top

Mid

Bottom

Top

Mid

Bottom

66.7

68

69.6

64

65.9

69

64.2

64.5

67.6

S (%), range

68.1 - 69.8

65 - 68.6

61.1 - 69

Average, S (%)

69.2

66.3

65.4

Average Porosity

0.541

0.574

0.583

*S: Solids Concentration

3.2.3 Turbidity
The turbidity of the effluents that were measured after two minutes from the end of pumping the
slurry (two minutes of drawdown), are given in Figure 3.24. The turbidities of tests during the
first filling are higher than that of second and third fillings. However, there is no significant
difference between the turbidity readings of tests and fillings. Mostly the turbidity measurements
vary in the range of 25 to 35 NTU. The first filling of Test-A3 and Test-A4 have about 25 to 35
NTU higher turbidity measurements than other tests.

71

60

S = 10%

50

S = 15%

Turbidity (NTU)

40

S = 20%

30

20

10

0
1

2

3

Fillings

Figure 3.24: Two-minute Turbidity Measurements of PFT

3.3 Geotextile Demonstration Test (GDT)
3.3.1 Dewatering Rates
Figure 3.25 shows the dewatering rates from GDT test on Tully sand slurry with different solids
concentration. For each test categories two tests were conducted. The dewatering rate of the test
with 15% solids concentration (Test-C2) is lower compared to that of the tests with 10% solids
concentration. There is an increase in the initial dewatering rate of the test with 10% solids
concentration in contrast to Test-C2, however that is not significant.
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Figure 3.25: Dewatering Rates of Tully Sand Slurry; GDT Test
3.3.2 Contained Volume
Figure 3.26 shows the contained volume of Tully sand slurry with 10% and 15% solids
concentrations. The maximum contained volume recorded during the 15% solids concentrations
of Tully sand slurry is about 28 liters, which occurred at the end of the pumping of third filling
cycle. At the end of the first filling the contained volume is about 10 liters, which sums up to 17
to 22 liters at the end of the second filling. The available free space at the end of second filling is
about 8 liters. About 33 liters of slurry was pumped during the third filling.
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Figure 3.26: Contained Volume Rates of Tully Sand Slurry; GDT Test

3.3.3 Solids Concentration
The final solids concentration of tests at the end of all the three fillings are shown in Table 3.14.
The solids concentration measured in the center of the filter cake (close to the inlet port of
geotextile tube) is about 1% higher than that of the samples taken from the corners of the filter
cakes for all the tests. The average porosity of the filter cakes was calculated using Equation 1.4.
(
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Table 3.14: Final Solids Concentration for GDT
Test-C1 (S= 10%)

Test-C2 (S= 15%)

Tests

S (%)

Middle

Corners

Middle

Corners

55.8

54.2

55.3

54.8

S (%), range

51.2 - 57.1

54.2 - 56.3

Average, S (%)

55.0

55.6

Average Porosity

0.685

0.679

*S: Solids Concentration
3.3.4 Turbidity
The turbidity of the effluents that were measured after two minutes from the end of pumping the
slurry (two minutes of drawdown), are given in Figure 3.25. The turbidities of the tests are
relatively higher during the third filling than during the first and second fillings by about 600 to
800 NTU. The available free space at the end of the second filling is only about 8 liters and due
to the high pressure generated during pumping might have caused the fine particles to escape
through the geotextile tube and resulted in high turbidity measurements (about 600 to 850 NTU).
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Figure 3.27: Two-minute Turbidity of Tully Sand Slurry at 10% and 15% Solids Concentrations

3.4 Conclusion
At a minimum of three P2DT tests were conducted for each test categories shown in Table 2.5
and Table 3.3. Two different type of slurries (Tully sand slurry and Glue Slurry), and five
different geotextiles were used to evaluate their role in the dewatering performance. In addition,
the impact of initial solids concentration of slurry on dewatering performance is also tested in
this study. The tests were conducted to determine the effect of geotextile, soil properties, and
applied pressure head on the dewatering performance, turbidity, filter cake properties, and final
solids concentration in dewatering applications. Based on the results presented in this Chapter,
the following conclusions can be drawn:
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The axial effluent flow in P2DT increased with the increase in solids concentration for a
specific soil, whereas the radial flows are reducing with solids concentration. The reason
being that the height of the radial filter cake formed.



The ratio between axial and radial flow and the height of the radial filter cake are highly
influenced by the permittivity, where the flow ratio reduced and the height of the radial
filter cake increased when the permittivity of the geotextile increased. The flow ratios
remaining constant between fillings implies that the geotextile did not get clogged.



The final solids concentration of the filter cake after multiple filling and drawdown
phases and the turbidity of the effluents reduced with the reduction in applied pressure
head in the range of 10kPa to 2kPa.



Even though the use of geotextile with smaller 98-percentile opening size (O98) and the
reduction in pressure head showed improvement in turbidity, the final solids
concentrations and the dewatering rates of them are almost similar to the control test
(Test-B1).



As the chemical accelerant treatment and the geotextile combination was not effective,
the achievable final solids concentration of Glue Slurry is only about 21%.
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Chapter 4: Analytical Modelling of Dewatering Process
Effectively predicting the geotextile tube dewatering process through modelling can be a great
benefit with regards to time and money. As many factors influence the dewatering process,
including solids concentration, geotextile properties, properties of slurry, and applied pressure
head, it is important to maintain at least some factors constant in order to ease the modelling
process. It is a common practice to electronically log the weight of the effluent and time, in a
geotextile dewatering applications.
The very first step in the modelling process is to plot the contained volume, which is the volume
of slurry inside the geotextile tube, against time. Yee and Lawson (2012) derived Equation 4.1
(

)

that can be used to find the contained volume of slurry (VTe(t)) in a geotextile tube. It is assumed
that only pure water (with the density of 1kg/L) comes out of the geotextile tube. However,
excessive fines escaping from the geotextile tube may result in deviations in the model. In most
of the geotextile tube dewatering applications, chemical accelerants are used to increase the
dewatering rate and to decrease the loss of fines. In such cases, the filtrate is nearly free from
fines. Therefore, this assumption is not far from reality.

m

VTe(t)

 Qin(i) tf(i)  Vout(t)

Equation

(4.1)

i1

4.1 Analytical Modelling of P2DT
For P2DT, the contained volume is proportional to the height of the slurry in it since the crosssectional area of the geotextile tube remains constant during filling and drawdown stages.
Therefore, the relationship between the volume and height for a cylindrical geotextile tube can
be written as follows;
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2

  D  hT

VT

Equation

(4.2)

4

Where D is the internal diameter of the P2DT setup, and hT is the filled height of the geotextile
tube. Having a simple relationship between volume and height makes it possible to describe the
drawdown phases of P2DT using the following equation that is derived from Equation 1.7.
(

 V T 

 A  t 

ln

Equation

(4.3)

 

q

ln n x

Where, q is the empirical power factor, A is the cross-section area of the P2DT setup, which is a
constant, VT is the change in volume of the contained slurry inside the tube over the time
interval t, nx is the mean porosity of slurry during the same time interval t, and q is the
empirical power factor for drawdown phase, which maybe specific to the geotextile used, the
properties of the slurry as well as the pressure applied.
When q is plotted against the duration of drawdown (td), it is observed that the empirical power
factor tends to follow a power function of the duration of drawdown, as follows;

q

c  td

p
Equation

(4.4)

Where, td is the duration of drawdown starting from the end of filling phase, p, and c are
constants which describe the power function. If the value of p is very small, q can be considered
as a constant.
As the dewatering behavior during drawdown is described through Equation 4.3 , a numerical
(

)

time-stepping procedure is needed, where the drawdown time of first filling td1 is divided into

79

small time increments t, to find the subsequent contained volumes VT (as shown in Figure 4.1),
Equation 4.3 is modified to the following approximate form to find subsequent VT values;
(

)

VT(i)



VT(i-1)  A n(i-1)

 q  t

Equation

(4.5)

Where, instead of the mean porosity nx, previous stepped value of contained porosity n(i-1) is
used. To avoid the small calculation error due to this approximation, the drawdown time must be
divided into very small time increments (refer to Figure 4.1). Having a very small time increment
(Δt) will result in an accurate curve, and thus in an accurate final solids concentration. In this
analysis, a time increment of 10 seconds is used to be consistent with the experimental data
logging frequency.

Figure 4.1: Numerical Time-Stepping of Drawdown Phase Modelling
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4.1.1 Determination of the Dewatering Parameters for P2DT
In order to find the dewatering parameters (Ap, and q), the first step is to plot the contained
volume rate (similar to Figure 4.1) using Equation 4.1 . The following steps were used to find the
(

)

first filling phase parameters of tests with different solids concentrations, as shown in Table 4.1.
For the purpose of explaining the steps, the first filling of the test with 10% solids concentration
(Test-B1) is used.
1. The average dewatering rate, Qout.f, can be calculated using the following equation,
where, VT, the maximum contained volume (1.3 liters) which occurs exactly at the end of
filling phase, is taken from the contained volume curve. Qin is the pumping rate (7.5
liters/minute), and t is the duration of pumping (about 30 seconds for the first fillings).

Qout.f

Qin t  VT

Equation

(4.6)

t

2. AP can be calculated by substituting the initial porosity of the slurry (nin = 0.960) in the
following equation. The average value of (AP) for the first filling of the tests with 10%
solids concentrations (Table 4.1) is 0.70.

Ap

Qout.f

Equation

(4.7)

Qin n in

3. The porosity at the end of the first filling phase [nfe(1)], determined using the following
equation, is also tabulated in Table 4.1.

n fe(1)

1

1  nin Qin t
VT.max
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Equation

(4.8)

Table 4.1: Filling Phase Parameters (for the First Filling).
Tests

Test-B1

Test-B2

Test-B3

Solids Concentration, S

10%

15%

20%

Maximum Contained Volume, VT (L)

1.30

1.28

1.36

Initial Porosity, nin

0.960

0.938

0.914

Maximum Slurry height, HT (cm)

7.1

7.1

7.4

Qout_f (L/min)

4.90

4.94

4.78

Floc quality factor, AP

0.71

0.69

0.70

Porosity at the end of first filling, nfe(1)

0.888

0.823

0.782

The floc quality factor AP found from all three filling phases of tests with 10% to 20% solids
concentrations and the average values of AP are given in Table 4.2. The average value of AP for
all the three solids concentrations is found to be 0.71, which indicates that an effective chemical
accelerant treatment is applied or the slurry contains a high percentage of settling solids (as AP is
greater than 0.5 suggested by Yee and Lawson, 2012). Since, there is not significant difference in
the values of AP for the first filling compared to the other filling, the value of AP from the first
fillings can be taken as a representative value of all the subsequent fillings. Therefore, multiple
filling dewatering tests are not required to find the dewatering parameters.
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Table 4.2: The Floc Quality Factor, AP
Tests

Test-B1

Test-B2

Test-B3

Solids Concentration, S

10%

15%

20%

Fill 1

0.71

0.69

0.70

Fill 2

0.78

0.68

0.68

Fill 3

0.69

0.74

0.69

Average (0.71)

0.73

0.70

0.69

As described earlier, the empirical power factor, which defines the drawdown phase, can be
found by plotting q against the drawdown time using Equation 4.3. In Figure 4.2, q is plotted as a
(

)

function of drawdown duration for the first drawdown phases.
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Figure 4.2: Empirical Power Factor vs Drawdown Time.
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The average value of q is about 8.4 and the actual power function for q is shown in Figure 4.3,
where c, and p (as per Equation 4.4) are 5.52 and 0.265 respectively. The coefficient of
(

determination, a statistical measure of how close the data are to the fitted regression line, also
known as R2-value, is about 91% for the function of empirical power factor.
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Figure 4.3 Average Empirical Power Factor vs Drawdown Time.

4.2

Assembling the Components of Dewatering Curve

The filling phase factor, Ap, and drawdown phase factor, q are the only parameters needed from
the experiments to generate analytical dewatering curves. If these two dewatering parameters are
known, dewatering rates can be estimated, for a specific slurry and geotextile combination under
different solids concentrations. In addition, the final solids concentration of the sediments
contained in the tube can be estimated by finding the final porosity from the model.
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The pumping rate of the slurry (Qin) can be determined from the volume of slurry pumped and
the duration taken for the filling during the experiments. The average pumping rate during the
experiments was about 7.5 liters per minute. The dewatering rate (Qout.f) is calculated using
Equation 4.7 using the initial porosity of the slurry. The maximum contained volume is
(

)

calculated using the following equation; (derivation is given in Appendix)


Qout.f 



Qin

VT.max(1) Vin(1)  1 




Equation

(4.9)

Where, Vin is the volume of slurry pumped during the respective filling phase. The duration of
the filling phases (tf) are determined using the following equation;

tf

VT.max
Qin  Qout.f

Equation

(4.10)

The filling phase can be plotted as a straight line, in a contained volume curve, having the initial
point as (0, 0) and the final point as (tf1, VT.max(1)). Table 4.3 shows the calculated filling phase
parameters and respective porosities at the beginning and end the phase. The porosity at the end
of the filling phase is calculated respect to Equation 4.8.
(

)

The initial drawdown phase can be modelled using Equation 4.5 and the subsequent phases can
(

)

be modelled by following the same steps as the initial phases, by using the calculated dewatering
parameters.
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Table 4.3: Parameters Required to Model Three Filling Phases.
S (%)

10

15

20

Filling

I

II

III

I

II

III

I

II

III

Vin (L)

3.75

2.5

1.75

3.75

2.5

1.75

3.75

2.5

1.75

nin

0.960

0.960

0.960

0.938

0.938

0.938

0.914

0.914

0.914

Qout (L/min)

5.08

5.08

5.08

4.97

4.97

4.97

4.84

4.84

4.84

tf (min)

0.50

0.33

0.23

0.50

0.33

0.23

0.50

0.33

0.23

VT,max (L)

1.21

1.13

1.14

1.27

1.39

1.53

1.33

1.66

1.93

nfe

0.875

0.777

0.718

0.815

0.719

0.674

0.757

0.676

0.643

4.3 Comparing the Model with Experimental Results
The empirical power factor (q) that describes the drawdown phases of the dewatering process
follows a power function with respect to the duration of drawdown. In order to see the difference
between considering the empirical power factor as a constant and as a function of drawdown
time, the analytical models are individually plotted together with the experimental data (Figure
4.5, and Figure 4.7).
The contained-volume curves shown in Figure 4.4 are generated by using the floc quality factor
(Ap) of 0.71 (average value of the three tests with three fillings each) and empirical power factor
(q) of 8.4 (average value) from the experiments, where the empirical power factor is considered
as a constant.
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Figure 4.4: Contained Volume vs Dewatering Time of P2DT and Model

As per the modelling procedure, dewatering curves (Figure 4.5) are generated from contained
volume curves. The coefficient of determination, a statistical measure of how close the data are
to the fitted regression line, also known as R2 value, is calculated comparing the experiment data
and the models are given in Table 4.4. The coefficient of determination provides at a minimum
of 97% match between the model and experiment data of the dewatering curves (Figure 4.5).

87

8

Effluent Volume (L)

6

4

S = 10% Model
S = 15% Model

2

S = 20% Model
S = 10%
S = 15%

0
0

30

60

90

Dewatering Time (min)

Figure 4.5: Effluent Volume vs Dewatering Time of P2DT and Model

Figure 4.3 shows the variation of the empirical power factor with the time of drawdown
for the experiments with Tully sand. The empirical power factor, q, lies in a regression power
function with a coefficient of determination of about 91%. The improved model, where the
empirical power factor is treated as a power function, yielded about 1% increase in the
coefficient of determination values. When a very accurate analytical model is needed, q should
be treated as a power function, and for rough estimations, the empirical power factor can be
taken as a constant as the difference is not significant (about 1%).
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Figure 4.6: Contained Volume Curve of P2DT and Improved Model
In Figure 4.6 and Figure 4.7, experiment contained volume and dewatering results are compared
with the improved analytical models respectively. As it can be seen, there is a slight deviation
(with a maximum deviation of about 0.1 liters) between experimental and theoretical model for
the tests with higher solids concentrations, especially during the third drawdown phase (Figure
4.6). However, in general the difference is insignificant.
Table 4.4: Coefficient of Determination
Coefficient of Determination, R2 (%)
Tests

Considering q as a constant

q as a function of drawdown time

Test-B1

97.99

98.27

Test-B2

97.24

98.34

Test-B3

97.10

98.05

89

8
7

Effluent Volume (L)

6
5
4

S = 10% Model
S = 15% Model

3

S = 20% Model

2

S = 10%
S = 15%

1

S = 20%

0
0

10

20

30

40
50
Dewatering Time (min)

60

70

80

90

Figure 4.7: Dewatering Curve of P2DT and Improved Model
The final solids concentrations estimated using the analytical models (as shown in Table 4.5) are
within the range of the experimental results and close to the mean value of the experimental data.
The estimates from the improved model, where q is considered as a function of the duration of
drawdown, is slightly lower and more close to the experimental mean values (within 2%). A
single filling dewatering test is good enough to obtain the dewatering parameters, which can be
used in the modelling of multiple fillings, different pumping rates of slurry, different solids
concentration etc. to develop dewatering curves, to estimate maximum contained volume, and to
estimate final solid concentration.
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Table 4.5: Final Solids Concentration
Final Solid Concentration, S (%)
Tests

Experimental

Model

Improved Model

65.8

67.5

65.3

64.7 - 68.7

66.7

65.8

64.7

65.9 - 70.0

67.0

65.5

65.4

Range

Mean

Test-B1
(S = 10%)

64.4 - 68.7

Test-B2
(S = 15%)
Test-B3
(S = 20%)

4.4 Factors Influencing the Dewatering Parameters
As the dewatering parameters rely on the properties of slurry, the properties of geotextile, and
the applied pressure head etc., the analytical model was used to evaluate the role of the properties
of slurry, the properties of geotextile, and the applied pressure head on dewatering parameters.

4.4.1 Role of Pressure Head
To investigate the role of the applied pressure head, results of P2DT with different pressure
heads (10kPa, 5kPa, and 2kPa), where Tully sand slurry with 10% solids concentration were
used. Figure 4.8 describes the empirical power factor as a function of the duration of drawdown
for tests with three different pressures. The power functions of the empirical power factor for the
tests with low pressure heads (5kPa, and 2kPa) are different from the control experiment (TestB1) with 10kPa pressure head. Therefore, a new set of dewatering parameters are separately
calculated for the tests with 5kPa and 2kPa pressure heads.
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Figure 4.8: Empirical Power Factor vs Drawdown Time; 10kPa, 5kPa and 2kPa
The floc quality factor AP was calculated for the tests with 5kPa and 2kPa pressure heads are
almost the same as the factor calculated for Test-B1 (10kPa), because the floc quality factor is
calculated from the filling phases and the pressure head was not applied during filling phases.
Table 4.6: Calculated Dewatering Parameters; 10kPa, 5kPa and 2kPa

Tests

The floc quality
factor, Ap

Empirical power
factor, q

Empirical power factor, q
(Improved method)
c

p

Test-B1 (10kPa)

0.71

8.4

5.52

0.265

Test-B5.2 (5kPa)

0.69

9.8

5.11

0.407

Test-B5.3 (2kPa)

0.70

12.5

5.29

0.371
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Figure 4.9: Dewatering Rates of Tully Slurry at S=10%; with10kPa, 5kPa and 2kPa
Figure 4.9 compares the experimental dewatering rates with the analytical model (where q is
considered as a function of the duration of drawdown). The values of coefficient of
determination calculated comparing the model and the experiment data are about 98%. The
improved analytical model has about 1% increase in the match with experimental dewatering
rates similar to the previous set of data.
The final solids concentration estimated using the analytical models (Table 4.7) are close the
experimental values. The solids concentration of Test-B5.3 predicted through the analytical
model is slightly less than the lower bound of the experimental range by about 0.5%. The
prediction of the improved model is almost same as the lower bound of the experimental range of
solids concentrations. However, the average solids concentration is higher by 3% than the
predicted values. The prediction is almost same as the average value for Test-B5.2 (5kPa).
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Table 4.7: Final Solids Concentration; 10kPa, 5kPa and 2kPa
Solid Concentration, S (%)
Tests

Experimental
Improved model

Range

Average

Test-B1 (10kPa)

64.4 - 68.7

65.8

65.3

Test-B5.2 (5kPa)

60.2 – 65.9

62.7

61.8

Test-B5.3 (2kPa)

56.2- 61.7

58.8

55.1

The applied pressure head has small role in the dewatering rate and time required for dewatering
for the Tully sand slurry. However, pressure has an impact on the final solids concentration of
the filter cakes.

4.4.2 Role of Geotextile
To investigate the role of geotextiles on dewatering parameters (Ap, q), test results with five
different geotextiles with Tully sand slurry at 10% solids concentration, and 10kPa pressure head
were used.
Figure 4.10 describes the empirical power factor as a function of the duration of drawdown for
five different geotextiles. The power functions of the empirical power factor of different
geotextiles are not different from the control test (Geotextile-1). Therefore, a new set of
dewatering parameters (Ap, q) are not necessary for the tests with other four other geotextiles.
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Figure 4.10: Empirical Power Factor as a Function with Five Different Geotextiles
Figure 4.11, and Figure 4.12 compares the contained volume rate with experiment data and the
experimental dewatering rates with the dewatering rates generated through the improved
analytical model (where q is considered as a function of the duration of drawdown) respectively.
The total dewatering rate did not change with geotextiles for the pressurized 2-dimensional
dewatering test (P2DT).
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Figure 4.11: Contained Volume Curves and Model with Five Different Geotextiles
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Figure 4.12: Dewatering Rates of the Improved Model with Five Different Geotextiles
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The values of coefficient of determination calculated comparing the improved analytical model
and the experiment data are about 98%. The dewatering curves generated for the other four
geotextiles using the dewatering parameters calculated for Geotextile-1, shows about the same
value of coefficient of determination (R2).
The final solids concentration estimated using the analytical models (Table 4.8) are close the
experimental values. The solids concentration estimated using the improved analytical model is
1% higher than the average solids concentration measured from the tests.
Table 4.8: Final Solids Concentration with Five Different Geotextiles
Solid Concentration, S (%)
Test

Geotextile

Experimental
Average
Range

Analytical Model

Test-B1 (G-1)

Woven

64.4 - 68.7

65.8

65.3

Test-B6.2 (G-2)

Woven

63.4 – 67.0

64.8

65.3

Test-B6.3 (G-3)

Geo-composite

62.7 – 67.3

64.3

65.3

Test-B6.4 (G-4)

Geo-composite

64.4 – 67.0

65.1

65.3

Test-B6.5 (G-5)

Non-woven

62.1 – 65.8

63.9

65.3

4.4.3 Role of Slurry Properties
Another slurry (Glue Slurry) with the specific gravity of 1.6 was used to investigate the role of
slurry properties on the dewatering performance. Tests were performed with Geotextile-1 and
Glue Slurry with the solids concentration of 6.3% under 10kPa pressure head were used. Figure
4.13 shows the Empirical Power Factor as a function of the duration of drawdown. The power
functions of the empirical power factor for the test with Glue Slurry was quite different from the
control test (Tully sand Slurry). Therefore, a new set of dewatering parameters are calculated for
the test with Glue Slurry.
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Figure 4.13: Empirical Power Factor vs Duration of Drawdown; Tully vs Glue Slurry
The floc quality factor for Test-B7 (Glue Slurry) is again different than that of Test-B1 (Tully
Sand Slurry). Therefore, it can be concluded that the floc quality factor is depended on both the
properties of geotextile and the properties of the slurry (in this situation it is a chemically treated
slurry).
Table 4.9: Calculated Dewatering Parameters; Tully Sand vs Glue Slurry

Test

Slurry

The floc quality
factor, Ap

Empirical
Power Factor, q

Empirical Power Factor, q
(Improved method)
c

p

Test-B1

Tully Sand Slurry

0.71

8.4

5.52

0.265

Test-B7

Glue Slurry

0.38

22

9.39

0.396
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Figure 4.14: Dewatering Rates of the Improved Model; Tully Sand vs Glue Slurry

Figure 4.14 compares the experimental dewatering rates with the analytical results, where q is
considered as a function of the duration of drawdown. The values of coefficient of determination
calculated comparing the improved model and the experiment data are about 98%. The improved
analytical model has about 1% increase in the match similar to the previous set of data.
The final solids concentration estimated using the analytical models (Table 4.10) are close the
experimental values. For Test-B7, where Glue Slurry is used, the floc quality factor, turbidity
measurements, and the final solids concentration support the fact that the effectiveness of the
chemical treatment and the geotextile combination is quite lower compared to the results of other
tests.
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Table 4.10: Final Solids Concentration; Tully Sand vs Glue Slurry
Solid Concentration, S (%)
Tests

Slurry

Experimental
Improved model

Range

Average

Test-B1

Tully sand slurry

64.4 - 68.7

65.8

65.3

Test-B7

Glue Slurry

19.4 - 21.6

20.7

19.1

4.5 Modeling of PFT
Pressure Filtration Test (PFT) conducted by researchers (e.g.: Moo-Young et al., 2002; Kutay
and Aydilek, 2004; Muthukumaran and Ilamparuthi, 2006; Satyamurthy and Bhatia, 2009;
Grzelak et al., 2011; Khachan et al. 2012) including the test setup used in this study, do not have a
filling phase. Therefore, the floc quality factor AP cannot be determined from a PFT test. The
drawdown portion of the analytical model discussed in Section 1.4 is used to model the
dewatering process of PFT.
The steps followed in modelling the drawdown phases of P2DT were followed to model PFT.
The cross-sectional are (A) of the geotextile sample and the cross-sectional area (A) of the
cylindrical reservoir of PFT setup are about 40.1cm2. The empirical power factor determined
from the pressure filtration tests (PFT) for Tully sand are plotted in Figure 4.15 as a functions of
drawdown duration. For PFT, the empirical power factor (q) is almost constant with an average
value of 9.0. If the empirical power factor is to be defined using (Equation 4.4) a power function
(

of drawdown time [ q = c * (td)p ], the value of the constants c and p, which defines the power
function, will be equal to 9 and almost zero respectively.
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Figure 4.15: Empirical Power Factor vs Duration of Drawdown for Different Fillings

Figure 4.16 compares the experimental contained volume curves with the contained volume rates
generated using the analytical model. There is a small deviation between experimental and
analytical curves during the initial drawdown phase of PFT. The deviation is more for the test
with 20% solids concentration done on Tully sand (Test-A3) compared to other tests. However,
in the subsequent drawdown phases (drawdown phases two and three), there are no such
deviation between experimental and analytical contained volume rates.
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Figure 4.16: Contained Volume Curves vs Analytical Model of PFT

Figure 4.17 compares the experimental dewatering rates with the dewatering curves generated
using the analytical model. The values of coefficient of determination (R2) calculated comparing
the match between the analytical model and the experiment data are about 99%. The values of
coefficient of determination between PFT tests are not significantly different and the range is
within one percent.
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Figure 4.17: Dewatering Curves vs Analytical Model of PFT
The final solids concentration determined from experimental and estimated using analytical
modelling are given in Table 4.11. The final solids concentrations predicted through the
analytical model are within the experimental range.
Table 4.11: Final Solids Concentration
Final Solid Concentration, S (%)
Tests

Experimental

Model

Range

Mean

Test-A1 (S = 10%)

68.1 - 69.8

69.2

69.5

Test-A2 (S = 15%)

65 - 68.6

66.3

66.1

Test-A3 (S = 20%)

61.1 - 69

65.4

63.9
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4.6 Analytical Modeling of GDT
The dewatering phases of GDT consists of filling, drawdown and consolidation phases.
Therefore, the dewatering parameters, floc quality factor and empirical power factor can be
determined from this test unlike in PFT. The modeling of the dewatering process of GDT follows
the same procedure as P2DT except the fact that the cross-sectional area is not constant as the
shape of the geotextile tube will be changing depending on the contained volume of the tube.
4.6.1 Volume of a GDT-tube
In determining the dewatering rate during drawdown phases, Equation 4.3 , which describes the
(

)

drawdown phases, uses the change in height of the geotextile tube. Therefore, it is necessary to
find an accurate relationship between the volume and the height of the geotextile tube to model
the drawdown process. Because of the complex filled shape of the GDT tubes, over
simplifications in finding the volume vs height relationship may result in significant errors.
Yee and Lawson (2012) developed the following equation for pilot scale geotextile tubes.
8.6
 h 0.815
 hT  
 T 
V1 LT DT  

 
 D 
 T 
 DT  
2

Equation

(4.11)

Where, V1 is the contained volume, DT is the theoretical diameter, and hT is the height of the
geotextile tube. The following equation was derived in this study by maintaining the
circumference (=πDT) of the tube as constant while the height and volume are changing, which
describes the volume of geotextile tube as a square-cuboid, where, V2 is the volume of the tube;
   DT

V2 h T 
 h T
 2
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2
Equation

(4.12)

The following equation was also developed for this study based on Equation 4.11 , which
(

)

correlates the contained volume of a pillow-shaped geotextile tube to its height, where VT is the
contained volume of the tube; (The derivation of Equation 4.13 is given in Appendix).
(

)

8.1
 h 0.315
 hT  
3  T 
DT  

 
 D 
T
 
 DT  

VT

2
Equation

(4.13)

As shown in Figure 4.18, Equation 4.12, which considers the geotextile tube as a square-cuboid
(

)

is underestimating the volume of it, whereas Equation 4.11 , which was developed for pilot scale
(

)

tubes, overestimates the volume of the geotextile tube. However, the maximum capacity of the
tube estimated by Equation 4.13 is 27.4 liters (taken from Figure 4.18), which is very close to the
(

)

value of 28.3 liters given in ASTM D7880.

Figure 4.18: Comparison of Equations to Determine the Volume of GDT Tubes
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The validity of Equation 4.13 can be further checked by the following equation that was
(

)

developed by Robin (2004) to determine the maximum volume of a seemed Paper bag.

 b 





3 b
w 
Vmax w  
 0.142  1  10 
 w


Equation

(4.14)

Where, Vmax is the maximum possible contained volume, w and b are the width and length of the
tube. As the geotextile tubes used in this study are square, w and b are equal and resulted in a
maximum possible volume of about 28.4 liters (w and b are equal to the width of the GDT tube,
which is 53cm). In addition to the maximum tube capacity given in ASTM D7880 matching with
this equation, it can be checked against the maximum contained volume recorded during the
GDT tests.
The maximum contained volume recorded during the test with 15% solids concentration (TestC2) was about 28.9 liters during the third filling, which comply with this equation. Furthermore,
the maximum height predicted through Equation 4.13 is about 24cm and it matches with the
(

maximum tube height recorded during the GDT tests, which is about 26cm.
In situations where the spread-sheet program used to model the dewatering process could not
accommodate complex equations like Equation 4.13, approximate regression curves can be used
(

in the plot of contained volume of tube vs apparent settling area (Figure 4.19) to generate
equations that describes the relationship.
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Figure 4.19: Apparent Settling Area vs the contained volume of GDT Tubes
The apparent settling area is calculated by dividing the volume of the tube by its height (VT/ hT),
which is not exactly equal to the horizontal sectional area of the GDT tubes. Figure 4.19 shows
the shapes and apparent settling area of the GDT tube under different filling conditions; before
filling the tube, when the tube is half filled, and when the tube is filled to its maximum capacity.

Figure 4.20: Shape and Apparent Settling Area of GDT-tubes Before, Half, and Complete Filling

107

4.6.2 Modelling the Drawdown Component of GDT
The filling phase of GDT follows the exact same procedure as that of P2DT, whereas drawdown
phase requires some changes to be made to its equations as the shape of the geotextile tube is not
constant throughout the test. The equation to determine the empirical power factor should be
modified to the following form when cross-sectional area is not a constant;

q

  VT  
    
 A 
ln
 t 

Equation

(4.15)

 

ln n x

Where, A is the apparent settling area for slurry, which changes during filling and during
drawdown, nx is the mean porosity of the slurry, and Δ(VT/A) is the change in height ΔhT of the
geotextile tube in a small-time interval Δt. The equation from the curve drawn (Figure 4.19) is
used find appropriate values of A based on the contained volume VT. The average values of q
from the first filling of tests with both 10% and 15% solids concentration are plotted against the
duration of drawdown (Figure 4.21). The average value of the empirical power factor is found to
be 11.82 from the all three fillings of tests with 10% and 15% solids concentrations.
It is important to note that when comparing q from another test, the units of VT, A, and t must
be maintained the same while calculating q using Equation 4.15. For instance, measuring the
(

time in minutes and in hours will yield different q values for the same test.
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Figure 4.21: Empirical Power Factor of GDT
The floc quality factors (Ap) of GDT tests were determined by following the modelling process
of P2DT with some changes to account for the shape. The calculated values of the floc quality
factors of the GDT tests are given in Table 4.12. The average value of AP is about 0.69, which is
similar to that of P2DT (0.71).
Table 4.12: Calculated Floc Quality Factors
The floc quality factor, Ap
Tests

Fill-1

Fill-2

Fill-3

Test-C1 (S = 10%)

0.66

0.67

0.76

Test-C2 (S = 15%)

0.67

0.66

0.75

Average (0.69)

0.67

0.67

0.76
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4.6.3 Construction and Comparison of Dewatering Rates
By using the calculated values of dewatering parameters (q and Ap) and the modelling process of
P2DT with some changes to account for the shape, the dewatering rates of GDT can be
constructed. During the modelling of drawdown phases where the numerical time-stepping
procedure is used, the subsequent contained volume VT(i) can be calculated by first finding the
tube height using the following equation and converting them to volume using Equation 4.13;
(

hT(i)



hT(i-1)  n(i-1)

 q  t

Equation

(4.16)

Where, hT(i-1), and n(i-1) are the contained volume, and porosity from the previous time step
respectively. Using a very small time step interval (10 seconds was used), Δt, will eliminate the
error involved with the use of n(i-1) instead of the mean porosity nx.

4.6.4 Comparing the Model with Experimental Results
The contained volume rates generated using the above described analytical model and the
experimental curves are shown in Figure 4.22. The maximum contained volume recorded for
Test-C2 (test with 15% solids concentrations done on Tully sand slurry) at the end of the filling
phase (at dewatering duration of 87 minutes) was about 28.9 liters (Figure 4.22).

110

50
S = 10% Model
S = 15% Model

40
S = 10%
S = 15%

Fill Volume(L)

30

20

10

0
0

30

60
Dewatering Time (min)

90

120

Figure 4.22: Contained Volume Curve and Analytical Model of GDT

The comparison of experimental dewatering rates and the dewatering rates determined using the
analytical model considering the empirical power factor (q) as a function of duration of
drawdown (td) are given in Figure 4.23.
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Figure 4.23: Dewatering Curves and Improved Model, GDT
There is a deviation between the experimental and modelled dewatering rates during the third
filling (60 to 90 minutes) phase of Test-C2 (S = 15%, Tully sand), because the pumping rate
during the experiment was reduced as the full capacity of the geotextile tube was reached (Figure
4.22). Since the pumping rate was assumed as a constant during the modelling process,
fluctuations in pumping rate will cause deviations between experimental and modelled
dewatering rates during filling phases.
Due to the approximations involved in the calculations of volume of GDT tubes, the coefficient
of determination values calculated comparing experimental and modeled dewatering rates were
about 94% (Figure 4.23), which is about 4% less than the values obtained for P2DT tests.
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The final solids concentrations estimated using the analytical model are within the range of the
experimental measurements (Table 4.13). The final solids concentrations estimated for the tests
with 10% and 15% initial solids concentrations using the analytical model are very close (less
than 0.8%) to the average solids concentrations obtained from the experiments (about 55%).
Table 4.13: Final Solids Concentration
Final Solid Concentration, S (%)
Tests

Experimental

Improved Model
(q as a function)

Range

Mean

Test-C1
(S = 10%)

51.2 - 57.1

55

55.8

Test-C2
(S = 15%)

54.2 - 56.3

55.6

55.2

4.7 Conclusion
A modified version of the analytical model was proposed to model the P2DT dewatering
process. This model can be used to estimate the final solids concentration, the porosity of slurry
inside the setup at any time, and the maximum contained volume. The model requires two
parameters, known as dewatering parameters, which should be determined by conducting
experiments. The model does not account for a change in geotextile, slurry properties, and
pressure head. Therefore, any changes in these factors require a new set of dewatering
parameters (AP, q). Based on the results of this study, the following conclusions can be drawn:
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Based on the comparison between experimental results and the analytical model for
P2DT setup, the proposed analytical model predictions are within 3% of the test results.



The tests with different pressure heads (10kPa, 5kPa and 2kPa) shows that the dewatering
parameters (AP, q) are required to account for the applied pressure head.



Test results of five different geotextiles and Tully sand slurry shows that the dewatering
parameters (AP, q) are independent of the properties of geotextile.



For the Tully slurry, the combination of chemical accelerants and the geotextile used is
very effective as the floc quality factor AP is greater than 0.5 (AP = 0.71), whereas for
Glue Slurry the combination is not effective. Turbidity measurements, and the final solids
concentration data support this argument.



Maintaining q as a constant also would give a reasonable estimate of dewatering curves
and the final solids concentrations. However, considering q as a power function yield in a
more accurate dewatering curve and final solids concentration.



As the dewatering parameters calculated from several fillings yielded the same values, a
single filling dewatering test is adequate to obtain the dewatering parameters, which can
be used in the modelling of multiple fillings, different pumping rates of slurry, different
solids concentration etc. to develop dewatering curves, to estimate maximum contained
volume and to estimate final solid concentration.
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Chapter 5: Comparison of Test Methods, and Future Work
5.1 Comparison of Test Methods
Three test methods discussed in this study that can be used to evaluate dewatering performances
of geotextile tubes are PFT, P2DT, and GDT. The pressure filtration test (PFT) can be
categorized as a one-dimensional dewatering test method, where the slurry is filtrated through a
single circular geotextile, whereas P2DT, and GDT fall under 2-dimensional, and 3-dimensional
dewatering test methods respectively.
PFT tests are not representative of in situ geotextile tube dewatering with respect to filling
conditions (pouring as opposed to pumping) and dewatering flow direction (1-dimension as
opposed to multi-dimension). When conducting multiple filling tests, crack formations on the
filter cake at the end of first filling due to high air pressure head causes anomalies on the
dewatering rates of the subsequent fillings, and thus recuses repeatability of multiple filling tests
on PFT. Furthermore, it was observed that the way and speed of pouring slurry into the PFT
cylindrical reservoir also affects the dewatering rates. The effect is more on multiple filling tests
as the error accumulates with subsequent fillings.
The pressurizing mechanisms works differently in GDT and P2DT; in GDT, the pressure is
generated only during the filling phase by pumping the slurry with high pressure, whereas in
P2DT pressure is applied only during the drawdown phase by inflating a high strength balloon.
The slurry is filled in P2DT during the filling phase is through gravitational flow.

Limitations of the GDT tests are that they are large and requires two to three people to
successfully perform tests. Additionally, a large amount of slurry is required to fill the pillow115

shaped geotextile tube. The slurry requirement will be even more when it comes to multiple
fillings (131 liters in this study). GDT geotextile tubes are similar in shape to an actual geotextile
tube in the field, but was not representative of actual geotextile tube dewatering; pumping
pressures and overall geotextile geometry were not replicated in this test. Due to the time and
man power consuming nature of GDT, it did not lend itself easily to multiple tests on multiple
geotextiles, and is difficult to perform in a laboratory environment, whereas P2DT test can be
conducted in a laboratory environment by a person within four hours (including the setup and
cleaning time).
The tests performed, using three different test methods (PFT, P2DT, and GDT), on Tully sand
slurry treated with dual polymer system (coagulation and flocculation), and Geotextile-1 (woven)
are compared in this Chapter.
5.1.1 Dewatering Area
The area of geotextile available for dewatering in different test methods can be sub-divided into
the following two categories; dewatering area through bottom filter cake (Ab) and the remaining
area for dewatering (Ar) as shown in Figure 5.1. To find the dewatering area through bottom
filter cake (Ab) of GDT and for geotextile tube in the field, the equation to find the bottom
contact area from the approximate expressions from Table 1.1 was used. It is assumed that the
contact area of the geotextile tube and the bottom area of the filter cakes are the same.
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Table 5.1: Available area of dewatering
Test Methods

Dewatering area through
bottom filter cake, Ab (cm2)

Remaining area for
dewatering, Ar (cm2)

Area ratio (Ar/Ab)

PFT

41

----

----

P2DT

177

1414

8.0

GDT

1138

4480

4.0

Field Test

DT*LT

2.1*DT*LT

2.1

Figure 5.1: Dewatering Areas of PFT, P2DT, and GDT
5.1.2 Dewatering Rate
Table 5.2 shows the dewatering parameters determined from the experiments for all the three
tests discussed here. The floc quality factor (AP) cannot be determined from pressure filtration
test (PFT) as it does not have a filling phase. P2DT or GDT is required to estimate the floc
quality factor (AP). However, the empirical power factor (q) can be calculated from all the three
test methods (PFT, P2DT, GDT) discussed in this study. The average floc quality factor
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calculated from P2DT and GDT are 0.71 and 0.69 respectively, which is inside the experimental
range of both tests (Table 5.2).
Table 5.2: Calculated Dewatering Parameters; Tully Sand and Geotextile-1

Test
Methods

Pressure head
(kPa)

The floc quality
factor, Ap

Empirical
power factor, q

Empirical power factor, q
(Improved method)
c

p

PFT

10

-----

9.0

9.0

~0

P2DT

10

0.71

8.4

5.52

0.265

P2DT

2

0.70

12.5

5.29

0.371

GDT

-

0.69

11.8

5.77

0.34

Similarly, P2DT tests with the pressure head of 2kPa and GDT tests have similar dewatering
parameters. In GDT, the applied pressure head is zero and the maximum pressure generated due
to the self-weight of the slurry is about 2.3kPa, whereas for P2DT it is about 1kPa (Table 5.3).
The total pressure at the bottom of the geotextile tube for GDT and for P2DT are very close, 2.3
and 3.1kPa. The additional pressure of about 1kPa requires in P2DT than GDT to produce the
same results can be attributed to the pressure required to overcome the tensile forces of the
balloon, especially with this low-pressure head of 2kPa. This finding leads to a conclusion that
the dewatering parameters are independent of test methods. However, additional GDT and P2DT
tests with different slurries must backup this claim for it to be true for different types of slurries.
Figure 5.2 shows the empirical power factor as a function of drawdown duration for different test
methods. The possible reason for having different empirical power factor functions in PFT as
compared to P2DT being that in PFT, the flow is well determined and occurring only vertically,
whereas in P2DT, there are radial and axial flows at the same time. Moreover, the flow in PFT is
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completely laminar from the beginning, but in P2DT and GDT, the flow may not turn laminar as
soon as it turned from filling phase to drawdown phase. There might be a transitional flow
condition at the very early stages of drawdown phases. However, as per Table 5.2,the average
value of q is (about 9.0) nearly equal for PFT and P2DT test, but higher for GDT (about 12).
Nevertheless, when the pressure head is reduced from 10kPa to 2kPa in P2DT, the empirical
power factor increased closed to that of GDT.
Having no approximations involved in the equation that relates the height and the contained
volume will result in a very accurate relationship for P2DT and PFT tests, whereas, for three
dimensional tests like GDT, the approximations involved in deriving similar equations may
result in less accurate results.

Figure 5.2: Empirical Power Factor for the Test Methods
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5.1.3 Solids Concentration
In PFT and in PGDT 10kPa pressure head was applied during the drawdown phases, whereas in
GDT the average applied pressure head is only about 1.3kPa (Table 5.3). The pressure generated
due to the self-weight of the slurry is negligible in medium and small scale tests. The maximum
slurry height determined from the contained volume plots are used to find the maximum pressure
generated due to the self-weight of the slurry, and is given in Table 5.3. The pressure head
generated due to the self-weight slurry is estimated based on Table 1.1.
Table 5.3: Pressure Generated due to the Self-weight of the Slurry.

Test Methods

Maximum height of slurry
inside the tube (cm)

Pressure generated due to the
maximum height of slurry (kPa)

PFT

9.2

0.9

P2DT

11.5

1.1

GDT

26.5

2.3

The final solids concentrations of filter cakes in different test methods for Tully sand slurry are
shown in Table 5.4. The final solids concentration from PFT and P2DT are in the range of 61%
to 70% for Tully sand, whereas in GDT the range is 51% to 57%, which is about 10% lower. The
possible reason for the reduction in the final solids concentration of GDT tests could be due to
the lower pressure head compared to other tests (total average pressure head of about 1.3kPa in
GDT and about 10.5kPa in PFT and P2DT).
Although the disagreement on final solids concentration between GDT and other test methods
(PFT, and P2DT) can be attributed to the limitations of GDT, such as very thin filter cake and
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low pressure head. Such observations were made by Yee et al. (2012), and in Khachan et al.
(2016), where the GDT prediction was about 25% less than the measured values in the field.
Similar conclusion can be made for the GDT tests conducted on Tully sand in this study.
As shown in Table 5.4, when the pressure head in P2DT is reduced to 2kPa to match up with the
maximum pressure of GDT (about 2.3kPa due to the self-weight of slurry), the final solids
concentration measured were close to that of GDT (58.8% and 55%).
Table 5.4: Final Solids Concentration of Tully Sand Slurry
Initial Solids Test
Concentration Methods
Range

PFT

P2DT (10kPa)

P2DT (2kPa)

GDT

Final Solids Concentration (%)
68.1 - 69.8

64.4 - 68.7

56.2 – 61.7

51.2 - 57.1

69.2

65.8

58.8

55.0

65 - 68.6

64.7 - 68.7

-

54.2 - 56.3

66.3

66.7

-

55.6

61.1 - 69

65.9 - 70.0

-

-

65.4

67.0

-

-

10%
Average
Range
15%
Average
Range
20%
Average

5.1.4 Turbidity
The two-minute turbidity measured during different test methods for Tully sand slurry are shown
in Table 5.5. The average turbidity measurements recorded during PFT tests are the lowest (16 –
86 NTU), next P2DT, and during GDT, the effluents are more turbid, in the range of 53 to 2169
NTU. Most of the dewatering in PFT take place through the filter cake, therefore, the fines in the
slurry gets trapped in the filter cake and thus result in a lower turbidity measurements. Whereas,
in P2DT and GDT, dewatering take place also in places where the filter is very thin, the filter
cake might fall off due to self-weight, or just through the filter cake.
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Table 5.5: Two-minute Turbidity of Tully Sand Slurry
Initial Solids
Concentration

PFT

P2DT

GDT

Test Methods
Two-minute Turbidity (NTU)
Range

25 - 46

30 - 132

62 - 1050

33

74

345

20 - 45

29 - 94

53 - 2169

29

55

323

16 - 86

17 - 153

-

48

69

-

10%
Average
Range
15%
Average
Range
20%
Average

5.2 Predict GDT Performance with Dewatering Parameters from P2DT
The total maximum pressure head on the bottom of P2DT with 2kPa pressure head (Test-B5.3)
and GDT, due to the self-weight and due to the external pressure head, are 3.1kPa and 2.3kPa
respectively. In an effort to show that the dewatering parameters (Ap, q) are independent of test
methods (P2DT or GDT), the GDT test is modeled using the dewatering parameters obtained
from the P2DT test with 2kPa (Test-B5.3). As the dewatering parameters are influenced by the
pressure head, the pressure difference between test methods were kept minimal.
The dewatering parameters obtained from the P2DT test with 2kPa (Test-B5.3) are shown in
Table 5.6. Figure 5.3 shows the experimental contained volume rates of GDT and the analytical
model generated by using the dewatering parameters from P2DT test.

122

Table 5.6: Calculated Dewatering Parameters; Tully Sand and Geotextile-1

Test
Methods

P2DT

Pressure head
(kPa)
2

The floc quality
factor, Ap

Empirical power factor, q

Empirical
power factor, q

0.70

(Improved method)

12.5

c

p

5.29

0.371
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Figure 5.3: Contained Volume Rates and Analytical Model of GDT

The comparison of experimental dewatering rates and the dewatering rates determined using the
analytical model, where the dewatering parameters are from P2DT (refer to Table 5.6) and the
empirical power factor (q)is considered as a function of duration of drawdown (td), are given in
Figure 5.4.
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Figure 5.4: Dewatering Curves and Improved Model, GDT
There is a deviation between the experimental and modelled dewatering rates during the third
filling (60 to 90 minutes) phase of Test-C2 (S = 15%, Tully sand), because the pumping rate
during the experiment was reduced as the full capacity of the geotextile tube was reached (Figure
5.4). Since the pumping rate was assumed as a constant during the modelling process,
fluctuations in pumping rate will cause deviations between experimental and modelled
dewatering rates during filling phases.
Due to the approximations involved in the calculations of volume of GDT tubes, the coefficient
of determination values calculated comparing experimental and modeled dewatering rates were
about 92% (Figure 5.4), which is about 6% less than the values obtained for P2DT tests.
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The final solids concentrations estimated through the model with the dewatering parameters from
P2DT are within the range of the experimental measurements (Table 5.7).
Table 5.7: Final Solids Concentration
Final Solid Concentration, S (%)
Tests

Experimental

Model
(q as a function)

Range

Mean

Test-C1
(S = 10%)

51.2 - 57.1

55

54.4

Test-C2
(S = 15%)

54.2 - 56.3

55.6

55.1

The above results lead to the conclusion that GDT can be modelled with the dewatering
parameters from P2DT tests, where all the parameters influencing the dewatering process are the
same, including the pressure head.

5.3 Conclusions
Three different performance tests (P2DT, PFT, and GDT) were used in this study. More than
thirty pressurized two-dimensional dewatering tests (P2DT), more than nine pressure filtration
tests (PFT) and four geotextile-tube demonstration tests (GDT) were conducted on Tully sand
under different solids concentrations. In addition, the results generated using analytical
modellings can also be used to compare the test methods. Final solids concentration, dewatering
rates, turbidity of the effluents, and the duration of tests were compared between test methods.
Based on the analogy the following conclusions can be drawn;
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Compared to a traditional Pressure Filtration Test (PFT), the P2DT can better simulate
filed conditions and prevent the leakage of compressed air through the cracks of filter
cakes. However, the amount of slurry and geotextile required to conduct P2DT is 10 and
40 times greater than that of PFT respectively. Nevertheless, a P2DT test still can be
conducted in a laboratory environment by a person within four hours.



Having no approximations involved in the equation that relates the height and the
contained volume will result in a very accurate relationship between P2DT and PFT
results, whereas, for three dimensional tests like GDT, the approximations involved in
deriving similar equations may result in less accurate findings. Due to the time and man
power consuming nature of GDT, it did not lend itself easily to conduct multiple tests on
multiple geotextiles, and is difficult to perform in a laboratory environment.



An analytical model is proposed to model the P2DT test that describes the dewatering
process, can also be used for pressure filtration test (PFT), and for geotextile
demonstration test (GDT) with some modifications.



For the Tully slurry, the combination of chemical accelerants and the geotextile used is
very effective as the floc quality factor AP is greater than 0.5 (0.69 from GDT)



The reproducibility of P2DT is comparatively better than that of PFT as the deviations
between dewatering rates are lower in similar P2DT (Figure 3.2, and Figure 3.21). With
regards to PFT, P2DT setup be an advanced test method, which can accommodate the
analysis of separate radial and axial flows and yields floc quality factor (AP).



The modelling of GDT using the dewatering parameters from the P2DT with 2kPa
pressure was successful, and was within 8% of the GDT test results.
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For the test methods discussed in this study and for Tully sand slurry, the calculated
dewatering parameters are independent of test methods used to calculate them (Table
5.2). However, additional GDT, PFT and P2DT tests with different slurries must backup
this claim for it to be true for all the slurries.

5.4 Future Work
It is observed in the pressurized two-dimensional dewatering test (P2DT) that the inflation of
balloon is not instant and requires about 15 to 20 seconds to reach the desired pressure inside the
geotextile tube and inside balloon. The test setup maybe improved such that the pressure
mechanism of P2DT works instantly or in a short period of time.
One of the future scopes of this study is to further improve the apparatus such that the pressure
can be applied even during the filling phase. The influence of pressure on dewatering during the
filling phase can be studied. In addition, introducing an automated mechanism to record the fill
height or contained height inside the apparatus would be beneficial to develop accurate
mathematical model. In addition, The pressure inside the balloon of P2DT and the pressure
exerted by it on slurry may not be equal especially when the pressure heads are lower. Finding a
way to estimate the pressure exerted by the balloon by calibrating it or by other means may
improve the pressure mechanism of P2DT.
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Appendix
Derivation of Equation 4.9
(

VT.max = Maximum contained volume
Vin

= Pumped volume of Slurry

Vout.f

= Dewatered volume of slurry at the end of filling phase

Qout.f

= Dewatering rate during filling phase

Qin

= Pumping rate

tf

= Duration of filling phase

VT.max

Vout

Vin  Vout

Qout.f  t f

tf



Qout.f 



Qin

VT.max Vin  1 

Vin
Qin
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Derivation of Equation 4.13
(

)

AC

= Cross-sectional area of GDT tube

DT

= Theoretical diameter of the tube

hT

= Height of the GDT tube

LT

= Length of the tube

VT

= Volume of the tube

8.6
 h 0.815
 hT  
 T 
A C DT  

 
 D 
 T 
 DT  
2

LT

AC

VT

hT

LT A C

2

VT

VT

AC

hT

8.1
 h 0.315
 hT  
3  T 
DT  

 
 D 
T
 
 DT  

2
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Notations
Basic SI units are given in parentheses, if Applicable.
P2DT Pressurized 2-Dimentional Dewatering Test
PFT

Pressure Filtration Test

GDT Geotextile Demonstration Test
AOS

apparent opening size

H

height of the radial filter cake of P2DT (m)

h

thickness of the bottom filter cake of P2DT (m)

R2

coefficient of determination (dimensionless)

AP

empirical floc quality factor to relate dewatering rate during filling phase (dimensionless)

DT

theoretical diameter of geotextile tube (m)

G

specific gravity of solid particles (dimensionless)

hT

filled height of geotextile tube (m)

hT0(1) filled height of geotextile tube at beginning of first filling phase (m)
hT0(m) filled height of geotextile tube at beginning of mth filling phase (m)
hTe(1)

filled height of geotextile tube at end of first drawdown phase (m)

hTe(m) filled height of geotextile tube at end of mth drawdown phase (m)
hTmax maximum filled height of geotextile tube (m)
hTmax(1) maximum filled height of geotextile tube during first dewatering cycle (m)
hTmax(m) maximum filled height of geotextile tube during mth dewatering cycle (m)
LT

length of geotextile tube (m)

m

number of dewatering cycles (dimensionless)

n

porosity of slurry (dimensionless)
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nd0(1)

porosity of contained slurry in tube at beginning of first drawdown phase (dimensionless)

nd0(m) porosity of contained slurry in tube at beginning of mth drawdown phase (dimensionless)
nde(1)

porosity of contained slurry in tube at end of first drawdown phase (dimensionless)

nde(m) porosity of contained slurry in tube at end of mth drawdown phase (dimensionless)
nde(m) porosity of contained slurry in tube at end of mth drawdown phase (dimensionless)
nf0(1)

porosity of contained slurry in tube at beginning of first filling phase (dimensionless)

nf0(2)

porosity of contained slurry in tube at beginning of second filling phase (dimensionless)

nf0(m) porosity of contained slurry in tube at beginning of mth filling phase (dimensionless)
nfe(1)

porosity of contained slurry in tube at end of first filling phase (dimensionless)

nfe(m)

porosity of contained slurry in tube at end of mth filling phase (dimensionless)

nin

porosity of slurry entering tube (dimensionless)

nx

mean porosity of slurry in tube at time t during drawdown (dimensionless)

Qin

volume pumping rate entering dewatering tube (m3/s)

Qout

volume dewatering rate (m3/s)

Qout,d volume dewatering rate during drawdown phase (m3/s)
Qout,f

volume dewatering rate during filling phase (m3/s)

q

empirical power factor to relate change in tube height during drawdown phase

c, p

factors defining the power function of empirical power factor

S

solids concentration of slurry (by weight) (dimensionless)

Sin

solids concentration of slurry entering tube (by weight) (dimensionless)

t

time (s)

t1

time for first dewatering cycle (s)

td1

time for drawdown during first dewatering cycle (s)
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tdm

time for drawdown during mth dewatering cycle (s)

tf1

time for filling during first dewatering cycle (s)

tfi

time for filling during ith dewatering cycle (s)

tfm

time for filling during mth dewatering cycle (s)

tm

time for mth dewatering cycle (s)

Vin

volume entering geotextile tube (m3)

Vout

volume exiting geotextile tube (m3)

VT

volume inside geotextile tube (m3)

VT0

volume inside geotextile tube at filling height hT0 (m3)

VTe

volume inside geotextile tube at end of a dewatering cycle (m3)

VTmax volume inside geotextile tube at maximum filling height hTmax (m3)
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